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PREFACE. 


In tlie “ Description of the Western Islands 
of Scotland,” and under the article which termi- 
nates the account of the Gneiss Isles, will be found 
the embryo of the following book. In examin- 
ing inaiiy of the rocks which occurred in this 
group, it was found that, although in a geological 
sense, they belonged to the family of gneiss, they 
did not conform to the mineralogical definition 
of that rock commonly received among geologists ; 
this term having been allotted to a foliated mix- 
ture of (juartz, felspar, and mica. Had these 
varieties Ijecn limited, or of trifling importance, 
the author might perhaps, like his predecessors, 
have been contented to pass over the whole with 
little notice, and to have infringed on the mine- 
ralogical definition of gneiss without acknow- 
ledgment. But such a practice appeared as per- 
nicious as it is inconsistent with accuracy ; since 
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it must have served to increase the confusion al> 
ready prevailing in the characters of this rock, 
precisely in proportion to the number of new 
varieties that were observed. 

No expedient could be adopted for naming 
these varieties, without framing new terms; while 
they were too numerous and important to be 
passed over in silence. But such an attempt ap- 
}jeared no less difficult than inconvenient ; and, 
to have made use of the general name of gneiss 
without explanation, would have been to produce 
the confusion which has invariably resulted from 
neglecting to define the sense in which such 
terms are used. Hence originated the Synopsis 
of Gneiss introduced into that work. 

It was intended to have followed the same 
plan with respect to some other rocks described 
in those volumes, where their varying compo- 
sition did not appear to have been thoroughly 
understood ; but it was soon perceived, that the 
bulk of the work would have been inconveniently 
increased ; and that an imperfect attempt towards 
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a new classification of rocks would have been the 
result ; as it was impossible to introduce all the 
requisite illustrations, and as some of the rocks 
found in nature do not exist in those islands. 
It seemed therefore preferable to reserve this 
matter for a separate essay ; a work which seemed 
to be imperiously called for by the want of any 
similar system to which a student could refer for 
information. 

A more minute attention to the subject, an<I 
a recollection of the difficulties which the author 
himself had experienced in the commencement of 
his pursuits, when he had nothing to consult but 
the great book of Nature, led to many modifica- 
tions, not only of the original design, but of 
the whole execution. If, in attempting to render, 
not only himself, but the subject which he has 
undertaken, thoroughly intelligible to those who 
have every thing to acquire, he has been led into 
a degree of minuteness which the accomplished 
geologist may disdain, he has been guided by a 
recollection of the gratitude which he would once 
have felt for information equally minute, and, to 
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those who have nothing left to learn, equally 
redundant. 

In considering the different plans on which a 
classification of rocks might be constructed, he 
was, without hesitation, led to adopt one founded 
on the geological relations and positions of rocks 
in nature. The reasons for this choice are stated 
at full length in an introductory chapter. It is, 
however, necessary here to remark, that the basis 
of the arrangement is virtually the same as that 
adopted by Werner, But, in the execution, it 
differs in many important particulai’s ; either in 
consequence of the author’s own observations, 
or of the views which have been more recently 
formed of the order of nature, by those geologists 
who, uneducated in the princijdes and doctrines 
of the German school, have undertaken to ob- 
serve and think for themselves. 

However numerous the varieties of rocks may 
appear to an inexperienced eye, and whatever 
confusion and uncertainty may at first seem to 
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prevail among' them, it will be found, on an at- 
tentive examination of their characters, that they 
admit of being placed in groups, distinguished 
by certain prevailing mineral characters, that 
these groups are not very numerous, and that 
the real differences of texture and composition 
are as limited as is the number of the minerals of 
which they are coraj»osed. It will further be 
seen that these different groups, thus united by 
some prevailing associations of mineral charac- 
ters, are also in a great measure distinguished in 
nature by certain geological or general relations, 
more or less constant and perfect. Thus two 
natural methods of arrangement, the one founded 
on mineral charactei'S; and the other on geo- 
logical relations, have fortunately been found 
so far to coincide, that no very great or general 
breach of the relations of the one kind has 
been ctmmiilted in adopting an order founded on 
those of the other. Wherever this has occurred, 
as in some remarkable instances has happened, 
the expediency of the adopted plan will be jus- 
tified, even where it is most defective, or where 
it is incapable of embracing both vieus, by 
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nnmerous considerations that will be found in 
their proper pidces in the body of the work. 

'^There are two principal objects in view in 
the description of rocks ; namely, that of enabling- 
a mineralogist to refer any given specimen to 
some general or particular title, according to its 
mineral characters, and that of assisting him in 
determining the place which it holds geologically 
in the order of nature. To accomplish the for- 
mer object, it is evident that a description of all 
the most important and decided varieties was 
requisite. But even the latter could not have 
been attained without such a knowledge of every 
important variety as wouhl enable the geologist 
to assign the general character in every case, 
however obscure. Although nature may be 
reasoned on in the aggregate, it must be studied 
in the details ; nor can any useful and satisfactory 
know'ledge of rocks, for the purposes of establish- 
ing general conclusions, be acquired, without an 
intimate acquaintance with all the parts which, 
by being reduced under a common or leading 
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general character, are to form the basis of correct 
geological description and reasoning. 

If even this general principle vrere not uni- 
versally true, the experience of the student in 
this department would soon convince him of that 
which the author has deduced from his own ; 
namely, that without a very accurate knowlf'lge 
of all the variaticr.c to whici* rocks are subject, 
he cun never feel confidence in determining the 
character and name of any. Hence arose those 
detailed enumerations of varieties which form 
the bulk of the catalogues in the following work ; 
and the apology for them will be found in these 
considerations. 

The number of the minerals essential to the 
composition of rocks is exceedingly limited. But 
they are also the repositories of nearly all the 
minerals in nature ; Mhich, in a certain sense, 
may therefore be considered as constituent parts 
of the masses which are treated of in this work. 
These unessential minerals are, however, the 
objects of msystes of mineralogy ; in which they 
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will be found described by the numerous authors 
who have written or compiled treatises on this 
subject. Here, it has been sufficient to enu- 
merate them under the titles of the rocks in 
which they occur. 

But, independently of these minerals, of che- 
mical composition, numerous organized bodies, 
the remains of cnim** Is or veo “*ables, existing at 
remote periods during different states of the 
earth’s surface, are found imbedded in rocks. 
These also, like chemical fossils, have distinct 
characters, dej)endent on their organization, 
which are of an interesting nature, but which, 
like those of minerals, form objects for a separate 
treatise, connected n ith the departments of botany 
and zoology. 

One important difference however exists be- 
tween chemical and organized minerals, as to 
the value which they severally po.ssess in a geolo- 
gical view. From the former, little comparative 
information is derived respecting the <lifferent 
states of the earth’s surface at different periods; 
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and they are chiefly therefore interesting as they 
are connected with the mineral history of rocks. 
But the diflferent species of the latter, are, in 
many cases, intimately connected with the view’s 
that may be entertained respecting the difierent 
condition of the globe at distant periods. Thus 
they form an interesting part of the geological 
history of rocks ; sometimes, indeed. oflTeri^tho 
only proofs that can be obtained of similarity or 
difierence of character, in cases w here the geo- 
logical analogies or differences are of an import- 
ant nature. 

To have given therefore the names of these 
organic species in connection with the rocks 
which contain them, and of which the mineml 
characters alone are flescribed in the following 
work, would have added materially to its value ; 
more particularly as it is intended to facilitate 
the study of geological relations. This however 
was impossible. Our information on this subject 
is as yet so limited, that many species remain not 
only, undescribed and unnamed, but scarcely any 
-admit of being certainly referred to a constant 

b 
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order of geological position, or can be traced ex- 
clusively to particular strata. To have given 
that which is, or is thought to be, really known 
on this subject, would have been of little utility ; 
as the numerous exceptions, and the chances of 
error, must have produced a mixture of uncer- 
tainty and confusion that would have defeated 
the-wT-er}' objects for which this knowledge is 
principally valuable. 

Even the mere history of the numerous fossil 
species, whedier of plants or animals, must be 
the work of time ; and can only be improved as 
the numbers of those geologists who have culti- 
vated the study of botany, zoology, and compa- 
rative anatomy, shall increase. That history 
must also be completed before it can be ef- 
fectually connected with the circumstances of 
their geological position and relations ; nor will 
this connection be easily formed unless geological 
knowledge is united in the same individual to an 
accnrate acquaintance with' these organic sub- 
stances. The rapidly increasing number of those 
who cultivate these departments of natural know- 
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ledge, and the great additions recently made to 
the history of these species, give us reason to 
hope that the time is not far distant when a system 
of organic mineralogy (if this term is admis- 
sible,) will be formed. Whenever that shall hap^ 
pen, a new and independent work will be pro- 
duced to comprise that department which coqld 
not here have been attempted with any prospect 
of advantage, and which has therefore been in- 
tentionally passed over. 

The student whose pursuit is chi^y directed 
towards the mineral characters of rocks, or whose 
object it may be to form a collecMon of specimens, 
may be surprised to find that so many substances 
are comprised in the present arrangement under 
so small a number of names. But it has been 
the constant endeavour of the author, not only 
to shun technical phraseology where facts can be 
described in ordinary language, but to avoid inr 
troducing new terms wherever it was possible to 
proceed with those which have been long re- 
ceived or gfenerally acknowledged. However 
exceptionable these may sometimes be, their in- 

b 2 
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conveniences are far exceeded by that which re- 
sults from frequent changes ; while such a prac- 
tice offers a bad example to those who, from a 
minute ambition, are always too ready to follow 
in the same path ; or who, from incapacity or 
indolence, find it easier to remove a difficulty by 
the invention of a name, than by an attentive 
study of their specimens, and a comparison with 
the descriptions of preceding writers. To this 
it may be added, that whatever convenience may, 
on the other hand, result from reforming the pre- 
sent nomenclature of rocks, the state of the 
science is as yet so imperfect, that it could not at 
present be effectually done. To make changes 
therefore, that must in succession be amended by 
future reformations until the time for a complete 
and effectual one is arrived, would be to increase 
the confusion of this subject for a long period, 
and thus to generate a deeper obscurity than that 
which results from the present deficient state of 
the nomenclature. 

The geological reader who is acquainted with 
some recent attempts on this subject, will find 
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strong examples of the truth of this reasoning. 
Leaving out of consideration the nature of the 
basis on which those reforms have been founded, 
and the geological confusion thence generated, it 
must be apparent that the descriptions of the 
authors who have thought proper to follow this 
plan, are unintelligible without a reference to a 
new catalogue; and that, were it even fixed in the 
memories of readers, they are still subject to the 
inconvenience of thinking in two languages ; 
while the want of a general reception of this new 
nomenclature, and the continued use of that of 
Werner, among many geologists, has produced 
authors of which the one half is unintelligible to 
the other. 

The very extensive influence and reception of 
the terms adopted by Werner, would have been a 
sufficient reason for using them, had there been 
no other grounds for that selection. In what 
respect his views may have been incorrect or im- 
perfect, it is not here necessary to enquire ; and 
the deviations from them which liave been made 
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in the Ibllowieg work, are, with their justifica- 
tion, staled whenever they occur. 

It must also be remarked, that although tl^re 
is a considerable deficiency of the terms which 
would be required to distinguish the rocks in tl|e 
following catalogues, according to their mineral 
characters, the . nature bf the arrangement here 
adopted is such as to render this a trifling incon- 
venience. That arrangement is founded on geo- 
logical principles ; and, with a few modifications, 
the general terms already in use, haye been found 
sufficient for the purposes in view. They will 
at least suflSce in the present state of our know- 
ledge. Should any serious imperfections still 
« 

exist, or hereafter arise, it will be more prudent, 
as in some instances has here been done, to make 
the requisite changes or additions in a gradual 
manner; to repair die antient structure rather 
than to erect a new edifice. Authority of mode- 
rate influence will thus receive attention when 
good reasons are superadded to its weight ; and 
time will thus perfect a system of terms which, 
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if neither veiy el^nt nor regular^ will be tneful 
and intelligible, and will not produce the great 
evil of throwing into absolute shade the obser- 
vations of preceding writers. To submit to bare 
authority is not one of the characters of an en- 
4}uiring age ; and the cuUivatore of the sciences 
under review, are far too numerous and too 
jealous to admit of a d^^tic and general reform, 
which, if it may sometimes proceed from a^urce 
so respected as that of Brongniart, is more often 
in danger of being found in hands ambitions of 
unmerited fame. ‘ 

As the present arrangement of rocks is 
founded on geological principles, it is evident 
that the geological history of the. rocks becan|a 
an indispensible part of it. Without such des- 
criptions, indeed, it would have been deficient in 
one of the circumstances most essential to clear* 
ness ; as it would have wanted an explanation of 
the sense in which the tenns were used. These 
descriptions would, it is true, have been super* 
fluous, if .any system of geology had existed to 
M'hich the author could with safety have referred. 
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It is unnecessai-y, to geologists,' to say that no 
such system does exist; as they must be fully 
aware of that defect ; and to have referred the 
reader to that which has been proved incorrect 
and imperfect, would have been in some measure 
to defeat the objects of the present work ; one of 
the designs of which has been, to bring into a 
system more consonant to the apparent order of 
Nature, those facts which the labours of the 
author, or the industry of others, have collected. 
Had he even been content to refer to other 
authors for that which he believes to be correct in 
their writings, lie must still have followed the 
practice which he has adopted, in tliose cases 
where his own views differ from those of his pre- 
decessors. Thus the geological prefaces which 
precede each Synopsis became indispensible ; as it 
was only by reducing the whole under one general 
plan, that he could either have preserved consist- 
ency or rendered his own statements intelligible, 

In arranging these prefaces, it was found dif- 
ficult to draw the line between that which might 
jh.ave been said on the subject and that which it 
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was indispensible to say. It has been attempted 
however to limit those remarks rigidly to that 
which may be considered the natural history of 
the different rocks ; or to mere details of matters 
of fact respecting the general characters and re- 
lations of the larger masses which constitute the 
earth’s surface. Thus, far therefore the follow- 
ing work comprises the elements of geological 
science. Buf that science is not limited to a 
mere history of rocks ; as, independently of the 
highly important branch of oi’ganic mineralogy, 
it involves the consideration of actions and events, 
and an enquiry after causes, for which no room 
could here have been found without adopting a 
plan entirely different ; without combining, in 
one word, a general treatise on- geology with a 
detailed catalogue of all the rocks in nature^ It 
seemed expedient to keep these two works sepa- 
rate ; that the manual of the student might be 
less encumbered with unnecessary matter; and 
that more ample room might be reserved for dis- 
cussions which could not have been crowded, 
without great inconvenience, into a narrow space ; 
that speculations and theories might, in short, be 
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separated fr<Hn subjects of mere detail. The 
author hopes, in no Jong time, to present under a 
separate form, that which, after having been 
writtai, it Jjecame necessary to exclude from the 
present work. 

In- as far as tlie general views which are here 
entertained of the geological arrangements of 
nature, are not to be found in the writings of 
other observers, they have been drawn from 
the author’s observations ; and, as he imagines, 
confirmed by them when not strictly new. Thus 
far he is responsible. Where he has differed from 
such writers in these views, it was because their 
observations did not appear to him founded on 
an unbiassed and accurate investigation of na- 
ture, and because he could not reconcile them to 
the facts which came under his own notice. 
Where he differs only in details, or in points of 
minor importance, from those who have enter- 
fained the same general views, it is because be 
ims^ines their observations imperfect, and that, 
with the same store of facts, they would have 
arrived at the same conclusions. He can only 
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add that be is, like every one else, willing to 
imagine himself an unbiassed observer, because, 

• 

owing to the unexpected circumstances which 
forced this study on him, he was driven into the 
field of observation long before he knew w'hat 
his predecessors in the same path had been doing. 
Nor, on a subsequent, and, as he trusts, an im- 
partial review of those Writings, has he found any 
reason to suppose that he had been misled by 
trusting only to that great book which is open to 
all who will bring to it a desire to learn. 

For most of the local examples whence the 
conclusions have been drawn, he has been com- 
pelled to refer to his own observations ; often very 
Unwillingly ; as he is sensible that they must ap- 
pear to have been derived from too limited a source. 
Yet, oil this subject, it may be said, that through- 
out the earth, a remarkable consistency, or at 
least a constant train of analogy and resemblance, 
is visible in the disposition and relations of rocks ; 
and that in no spot of equally limited extent with 
Britain, is all the variety which the earth afibrds, 
presented in a more condensed and intelligible 
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form. On comparing also these details with the 
observations of others, where the secould be divest- 
ed of those theoretical opinions which sometimes 
obscure them, he has found no reason to doubt of 
their truth. If he has not referred to those 
authors, abundant reasons might be shewn for the 
omission, some of which must be obvious to every 
one acquainted with the subject, but into which 
he cannot here enter without endangering a 
lengthened detail and invidious discussions. He 
believes that the facts which are here stated are 
generally in harmony with those that are to be 
found in the works of his predecessors and coteni- 
poraries who have seriously and practically inves- 
tigated the same subject, with the M'ish to learn, 
and with that preliminary knowledge without 
which no one can see. As to those who have 
written, without observing, it is not in geolo- 
gical science only, that it is necessary to overlook 
the “ questionable reporters of the questionable 
authority of others.” 

With respect to some of the geological pre- 
:&ces, they may appear of an undue leugtb. 
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But the cause must here be sought in the pre- 
vious obscurity of the subject, in the novelty of the 
views, and in the necessity thence arising for an 
ample elucidation. Hereafter, should these views 
be received as correctj and become an established 
part of geological belief, these details will admit 
of condensation. Where the facts have been such 
as are generally received, they are stated in the 
most brief form which was consistent with the 
objects in question . The same apolo^’ will apply 
to those repetitions of the same niatter in differ- 
ent lights, which w’ill occasionally be found 
throughout the work. From .the same cause 
arose explanations and reasons, in defence of par- 
ticular statements, and in justification of the 
adopted arrangements. To have rescinded that 
justificatory matter, which is in itself too often 
tetlious and inconvenient, -would have been to 
incur the greater blame of dogmatic assertion, and 
of an attempt to support by mere opinion, or from 
caprice, that which appeared really founded on a 
fair induction of evidence, or on some conveni- 
ence in the plan of the w^ork. It is bare justice 
to a reader to assign reasons for that novel I v 
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ther justification. Hereafter, much may be 
rescihded which could not now have been omit- 
ted. Those to whom these reasons are given will 
thus also be furnished with the means of making 
future corrections ; since their attentions will be 
turned to those more questionable points for 
which the same justification is not offered : they 
will be led to examine that which the author has 
notsufficieitftly considered, and to improve a work, 
of the deficiencies of which he is far more sensible 
than his readers will at first be. 

One remark yet remains to be offered on tlie 
plan of this work. 

Although, from various geological writings, a 
more or less just notion, of the general features 
and dispositions of rocks, and of the systems under 
which they have been arranged, may be derived, 
there is no one work in which these can conveni- 
ently be found, and none in which some of the 
views here entertained are to be learnt. The 
mere student, at least, would be at a loss to form 
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for himself any accurate ideas on that which is 
known by experienced geologists, however dif- 
ferently it may be held in estimation by difierent 
persons ; since it is either traditional, or scattered 
through various miscellaneous writings. But 
even could this knowledge have been found else- 
where, it would not have been the less necessary 
here ; although it might then have been stated in a 
more condensed manner. But it is the fate of all 
first attempts to be superfluous, perha^ diffuse ; 
since the eventual utility of that which is new 
cannot always be foreseen. Condensation is the 
result of time, and of that experience which rejects 
what is no longer essential. If, in studying to 
render his labours useful and intelligible to those 
for whose use it was designed, the author has pro- 
duced a work far more bulky than he had at first 

/ 

contemplated, it must be recollected that it is easy 
to eradieaite the feebler plants of the forest when 
the more vigorous trees have rooted themselves 
in the ipil. 



The following Errata hare been found in those Sheets whieh the Author^ 
absence from the Press prevented him from superintending ; 

256 line. 5 for exterior read extensive 

256 22 for other read another 

270 1.1 for only read also 

275 3 for Synopses read Synopsis 

281 If or emliedded read imb^tletl 

284 2 for western island read Western Islands 

286 last line but one after tmion read is 
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CHAP. I. 

INTRODUCTORY REMARKS ON THE METHODS OF 
ARRANGING ROCKS, WHICH HATE BEEN 
ADOPTED BY DIFFERENT MINERALOGISTS. 

The classification of rocks labours under diflS- 
culties of such a nature, that no system has yet 
been proposed which can be considered unex- 
ceptionable; although the subject has occupied 
the attention of many geologists of the greatest 
experience. In the present state of our know- 
ledge, they seem indeed to be insuperable ; nor 
does it appear possible to suggest any arrange- 

B 




ifteut which can eveu be said to approach to that 
which is considered a classification in the organic 
departments of Natmal History. The difficulties 
which have been experienced, even by mineralo- 
gists, in their attempts to produce a perfect, or a 
commodious classification of minerals, have hi- 
therto proved insuperable ; but to the obscurity 
and doubt pervading’ that department, in which 
it necessarily shares, the classification of rocks 
adds others peculiar to itself. I do not pretend 
to accomplish that in which others have failed ; 
but, in adopting the present as a temporary ar- 
I’angement, have been guided by the principle of 
utility ; chusing that method which, while it 
seemed most applicable to those researches for 
which the study of rocks is peculiarly desirable, 
appeared also to be the most susceptible of future 
improvement. 

A critical examination of the diflerent arrange- 
ments which have already been proposed, would 
doubtless be of utility to the reader, by display- 
ing minutely the merits and faults of each, and 
by thus pointing out, in a practical manner, the 
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difficulties under which the subject laboiirs, and 
the objects yet to be accomplished. But the task 
might appear invidious, and would lead to a dis- 
sertation too extensive for an introduction of this 
nature. It will nevertheless be of use to examine 
the reasons Avhich may be assigned in favour of 
each of the leading principles of arrangement 
which have divided geologists, and the objections 
which, on the other hand, may be made to both. 
Thus the reader of the following pages will obtain 
a clearer view of difficulties Avhich he perhaps has 
never considered, and be enabled to appreciate 
the motives which have led to the selection of that 
classification which has here been adopted. 

The two j)rincipal bases on which an arrange- 
ment of rocks may be formed, are a mineralogical 
and a geological one. Each of these is, in a cer- 
tain sense, natural ; the former consulting, or pro- 
fessing to consult, the nature alone of the sub- 
stances to be arranged^ the latter being founded 
on the great relations which they bear to each 
other and to the general structure of the earth, 
Brongniart is the chief advocate in favour of the 

b2 
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mineraiogical method; different geologists of the 
Wernerian school maintain the supeiior expedi- 
ency of the other. 

The following are the advantages which are 
supposed to be derived from a mineralogical clas- 
sification. 

It is natural, inasmuch as it describes natural 
combinations of known substances, just as, in the 
oiganic departments of nature, these are distin- 
guished by certain combinations of forms. 

It separates the simple from the compound 
rocks ; referring the former to that which is con- 
ceived their proper place in a system of miner- 
alogy. 

It describes the same compound but once ; 
and hence avoids the repetition which, in a geo- 
logical arrangement, results from considering a 
rock in two places because it occurs in two differ- 
ent positions in nature. 

It limits the same term to the same compound, 
and, with a nomenclature sufficiently extensive, 
would provide a name for every rock. 

It is easy of application, as it requires no geo- 
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logical investigation, and only demand# a previ- 
ous knowledge of minerals. 

It involves no hypothetical views. 

To each of these advantages may be opposed 
corresponding disadvantages ; independently of 
some general objections to the system. It will be 
convenient to consider these first ; adding to them 
such remarks as appear requisite for the more 
perfect illustration of the subject. 

We must, in the first place, avoid being misled 
in favour of a mineralogical arrangement of rocks 
by the very obvious analogy of classifications of 
minerals. The study of minerals is distinct from 
that of the structure of the earth, however inti- 
mately allied these two subjects may be : and, in 
as far as that alone is concerned, they must be con- 
sidered as independent natural productions, pos- 
sessing external characters more or less definite, 
and subject to certain laws, whether of chemi- 
cal composition or geometrical arrangement, by 
which they are, or may be, arranged in some na- 
tural or artificial method. Their connection with 
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rocks, or with the structure of the earth, is, doubt- 
less, an ijuportaut part of their history ; but as it 
does not enter into the principles on which they 
are to be arranged, so it offers no arginnent for 
thus extending that system under which they are 
classed, to the classification of these objects also. 

It will here be readily admitted, that a miner- 
alogicjil arrangement of rocks is the best adapted 
to illustrate the mineral history of the species which 
are to be ranked under it ; and that, if we had no 
other view in studying rocks than to become ac- 
quainted with their mineral composition, it ought 
to be preferred. Such an arrangement, could it 
be perfected, would doubtless facilitate the des- 
cription of a cabinet of specimens ; but this is an 
object of very trivial importance. 

The chief end in view' in the study of rocks 
is to inquire respecting the structure of the earth. 
Hence it becomes our business to investigate their 
proportions, their gradations, their analogies to 
each other, their mutual dependence, their order 
of succession and disposition, and the general 
relations of all kinds which they bear to each 
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other, as well as to that structure which forms the 
leading- object of g-eolbgy. Oh this subject a 
mineralog-ical arrangement can throw no light ; 
as the same limited number of minerals is re- 
peated, in different proportions or combinations, 
throughout every part of the whole series of 
rocks. 

If a mineralogical arrangement of rocks is to 
be adopted, it should be combined with a classifi- 
cation of minerals; of which the object is, to des- 
cribe accurately, and to class in a manner the 
most convenient for investigation, all the subjects 
concerning which it treats. And, as in systems 
of mineralogy, the simple rocks are described 
among the simple minerals, so the compound 
ought to form a part of the catalogue of accidents 
in the hisfory of each mineral, and should be enu- 
merated among the circumstances of position un- 
der which that occurs. 

If, in such an arrangement, some plan of this 
nature were not adopted, the rocks would be se- 
parated under two distinct heads : a plan produc- 
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tire of great inconvenience, as they form so im- 
portant a part of the, history of the earth, and are, 
moreover, the natural repositories of the greater 
number of mineral substances. In this nianner 

indeed they have already been separated by miner- 

♦ 

alogical writers; among whom it has been the prac- 
tice to enumerate the simple rocks ip their cata- 
logues of minerals. In those works, no particular 
inconvenience follows this proceeding : the want 

* Iff 

of consistency which, in some instances, results, 
is not without its countervailing advanteiges. 

But if this plan were extended to all rocks, as 
it must be, unless a better system of mineral clas- 
sification is adopted, even the same rock must be 
sought for in two catalogues, perhaps in the works 
of two different authors ; if, as frequently hap- 
pens, it is simple in one part and compound in 
another. Compact felspar passing into porphyry, 
basalt passing into greenstone, limestone under 
many of its modifications, and many other rocks, 
offer examples illustrative of this inconvenience. 

Although a classification of minerals could be 
rendered perfect, this objection Mould of itself 
form an insuperable bar to the adoption of such 
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a system for the classification of rocks. But evoi 
in this department, the involved, obscure, and 
often unintelligible nature of the affinities and 
qualities of the substances appertaining to it, have 
hitherto prevented, or rather defeated, all attempts 
at a.natural classification ; and will probably long 
deprive us of an arrangement which shall be na- 
tural, and, at the same time, useful. 

These apparently insuperable obstacles, which 
as yet impede a classification of minerals, equally 
interfere with a classification of rocks. But even 
those are not the whole ; since we must add to 
them the additional difficulties which arise from 

the innumerable and apparently capricious modes 

» 

in which these minerals are intermixed and varied, 
and from the consequence* in the composition 
and structure of rocks thence resulting. 

If we first examine the effects which would arise 
from assuming the composition ofrocks as the basis 
of an arrangement, we shall find, that, although 
nature presents us with many mineral species, 
a very limited number only of these enters into 
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those compounds ; the most important characters 
of which are frequently independent of the mine- 
rals in their composition. Nor is it unusual for a 
rock to preserve all its most essential characters, 
even when it has lost one of the substances which, 
on such a classification, must be esteemed essen- 
tial, or when it has acquired another which ought 
to transfer it to a different division. Such a basis 
of classification is^in fact, too narrow ; independ- 
ently of the more essential fault of possessing no 
necessary relation to the other important charac- 
ters of rocks. 

If rocks are to be arranged according to some 
mineral, as, for example, mica, it is evident that 
substances so discordant and multifarious as gra- 
nite, gneiss, micaceous schist, micaceous sand- 
stone, micaceous shale, porphyiy containing mica, 
and claystone with mica, will be found associated 
in one division. 

If again,in thus arranging the compound rocks, 
the name of some one integrant mineral be made 
the leading characteristic, it will frequently hap- 
pen that no sufficient reason can be assigned for 
selecting one in preference to another ; as, in many 
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species, two, or even three minerals, may be pre- 
sent in nearly equal propor^ous. Moreover, in 
these compounds, as it is not unfrequent to find 
the component minerals alternately predominant, 
it must follow that ditfereut varieties of the same 
rock would be found iii different divisions, and, 
of course, under different names. We need not 
look far for examples of confusion under such a 
system : granite offers a very obvious one. 

Such are the inconveniences that must follow’ 
from adopting the presence of any particular mi- 
neral as the principle of arrangement. But the 
same reasoning applies to any attempt to arrange 
rocks according to the degree of their composition, 
or the number of substances of which they are 
compounded. 

If they are to be divided into binai'y or ternary 
compounds, it is easy to perceive that the same 
effect of separating those which are naturally con- 
joined, even in the same specimen, and of uniting 
those which are entirely distinct in every other 
essential character, will follow. Thus, for exam- 
ple, the granites of three ingredients would be 
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se{)ardted from those which contain two, or four ; 
and thus also shale, and jasper, or claystone, and 
limestone, or micaceous schist, and sandstone 
containing mica or carbonate of lime, would be 
found in the same division. 

It would be abundantly easy to illustrate these 
different remarks by innumerable examples ; but 
it is here unnecessai'y, as the geological reader 
can easily supply them, and, to the student, they 
could not be rendered intelligible without anti- 
cipating that which he cannot yet be supposed to 
understand. 

Nor can any system be suggested, as far as 
can be perceived, formed on such a basis, that 
will not somewhere produce confusion and incon- 
venience similar to these : and it must indeed be 
obvious, that it possesses the deceptive rather than 
the real characters of a natural method. It is un- 
necessary to examine the several modes of arrange- 
ment on such a mineralogical principle, which 
have been, or might be suggested, as it would 
prolong these criticisms to little purpose. 

If now, the structure, or rather, the texture. 
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of a rock be made the basis 6f arrangement, it is 
equally plain, that under the granitic, the por- 
phyritic, or the schistose, cognate substances will 
be widely separated, and those which are entirely 
different in other more essential circumstances, 
be associated. 

As the very purpose of a mineralogical arrange- 
ment is to describe rocks considered as indepen- 
dent of their connexions in the great order of na- 
ture, or to produce accurate definitions of speci- 
mens, it necessarily renders of equal value those 
which are the most and those which are the least 
important in the history of the earth. Accidental or 
rare modifications thus claim as great a degree of 
attention as those which are the most steady and 
of the most general occurrence; while differences, 
extremely important in the geological history of 
rocks, but not of a nature to excite much attention 
in a specimen, or not presenting mineralogical 
differences of a conspicuous nature, pass with 
little notice. 

Hence, altliough the affinities qp which a 
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mineralogical classification is founded, riender that 
arrangement natural, in one sense, or according 
to the composition of its objects, it is, in a more 
important sense, unnatural ; since it separates 
those wider and more interesting affinities by 
which rocks are connected w’ith each other and 
related to the general structure of the earth. As 
a system, it is, in fact, an artificial one, witli the 
imposing aspect of a natural association ; since it 
is founded on a correspondence of one minute set 
of appearances, negligent of the larger features, 
and of the numerous other points of affinity or 
difference which prevail among the objects of its 
contemplation . It resembles the artificial arrange- 
ments of the antient botanists, as compared with 
the more philosophical views of the moderns in 
their attempts to found one on the characters of 
natural orders. 

It is of little consequence, for example, whe- 
ther a bed of hornblende schist alternating w ith 
gneiss, contains a few^ grains of felspar or not. 
Yet, in a mineralogical system, while the com- 
pound rock must be placed, as was formerly ob- 
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served, in one class, the simple is placed in ano* 
ther ; or rather it is not at all to be found in the 
catalogue of rocks, being described in the mine- 
ralogical arrangement. Or, the occasional pre- 
sence of calcareous carbonate in a specimen of 
micaceous schist, renders it necessary to erect 
a new species, when perhaps a whole continent 
may not produce a fe\V^ yards in extent of such a 
variety. Thus also we may be led to confound in 
description, rocks so widely different in geolo- 
gical connexion as granite and the members of 
the overlying (or trap) family ; because their dif- 
ferences in mineral composition and structure are 
often such as not to be defined by words. 

In concluding these general objections, it 
may therefore be remarked, that to attempt a 
perfect classification of rocks, in the present state 
of our knowledge, appears an useless as well as 
an injurious sacrifice to a logical order, to which, 
as far as we can yet perceive, nature refuses 
to conform. Mineralogists appear, in this in- 
stance, to have been misled by the example of 
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Linnceus, and by the valuable consequences re- 
sulting from his system in the organized depart- 
ments of natural histor)' ; forgetful of the im- 
portant and radical differences by which these 
departments are distinguished from that which is 
the object of their particular study. 

Were it possible to make any analogous ar- 
rangement, how’ever purely artificial, which 
should facilitate that study for which a knowledge 
of these objects is chiefly desirable, an impor- 
tant acquisition would be made to geology, as 
well as to the comparatively trifling pursuit of 
the collector of specimens. But if, in teaching 
us to arrange a cabinet, it helps to mislead us re- 
specting the order of nature, such a classification 
tends only to introduce confusion under the se- 
ducing aspect of regularity. 

Finally, as it has been stated among the ad- 
vantages of a mineralogical method, that “ it 
limits the same term to the same compound,” 
and “ would thus provide a name for every rock,” 
it is necessary here to bestow a few words on the 
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subject of a nomenclature although that ques- 
tion is more fully examined in its proper place at 
the end of this inquiry. 

If it be admitted that such an arrangement 
could even be perfected, and that a complete se- 
ries of rocks could be formed, classed according 
to their natural affiniti^ of structure and compo- 
sition, or classed under a convenient artificial 
system on such a basis, it is plain that it would 
require a numerous, as well as an appropriate set 
of terms, which, as far as it has been executed, 
it actually does. 

As also there is no necessary or constant re- 
lation between one species of composition in 
rocks, and their affinities or positions in the 
order of nature, while many varieties of compo- 
sition also occur in the same mass of rock, it 
would frequently happen that many terms would 
be required in describing one fact or one set of 
geological connexions, and that such connexions 
would often appear to be implied where they did 
not exist, in consequence of the similarity of the 
names by which rocks corresponding in compo* 

c 
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sition be designated. It is easy to compre' 
hend that, in the firct of these events, it would 
be impossible to describe the most common geo- 
logical fact without a tedious repetition ; and that, 
in the latter, there would be generated a degree 
of confusion in geological descriptions, which 
would be productive of the most injurious con- 
sequences. 

The disadvantages therefore that may be in- 
dividually opposed to the advantages already 
stated to arise from a mineralogical classification 
of rocks, are the following. 

It is unnatural, as far as relates to the most 
important purpose for which the knowledge of 
locks deserves our attention. 

In separating the simple from the compound 
Tocks, it disjoins, and with considerable incon« 
Venience, that which nature has united; while, 
in many cases, it associates others which are es- 
sentially separated from each other in nature. 

' In describing a rock but once, and indepen- 
dently of its different connexions, it abandons one 
of the most important circumstance in the his 
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tory of the substances of which it undertake to 
treat. 

In attempting an accurate limitation of terms, 
it must either accomplish that object imperfectly, 
and thus increase the confusion of the present 
nomenclature, or else introduce a cumbrous and 
unwieldy catalogue. 

The facility of investigation professed to be 
acquired by such an arrangement, is limited to 
the mere knowledge of the specimen in the stu- 
dent’s hand : it affords him no assistance in dis- 
criminating the accidental from the essential, 
nor in tracing the rock and its connections from 
a knowledge of the specimen. 

If it involves no hypothesis, it also rejects all 
those known geological relations which have 
been rescued from this censure. 

To which disadvantages it may also be added, 
that it makes all rocks of equal importance, how- 
ever rare or however accidental they may be. 

That it multiplies trifling and unimportant 
diatinetions. 

That it renders geological description, cither 
c 2 
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impracticable or, at the best, circuitous and ver- 
bose ; and therefore becomes, as far as this ob- 
ject is concerned, either useless or noxious. 

And that, from the unavoidable influence 
which terms exert both over our reasonings and 
observations, it tends to mislead the studait ; ren- 
dering those things affinities in the history of 
nature, which are little else than affinities in 
words. 


It is now necessary to examine in a more 
concentrated point of view the several delects 
and advantages which attend a geological me- 
thod of classification. A few of these remarks 
have been unavoidably anticipated ; as it was im- 
possible to state the question of a mineralogical 
arrangement in a manner sufficiently clear, with- 
out occasionally adverting, for the purposes of 
contrast or illustration, to the nature of a geolo- 
gical one. 

In this statement no improper bias will be 
found towards that method in favour of which 
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the author has decided, and on which the present 
work has been drawn up. It will, on the oo»i- 
trary, be seen that the defects are displayed in 
great detail, while the advantages are presented 
in a very condensed form. To palliate that which 
is faulty, or to conceal that which is defective, is 
to deprive ourselves of the chance of amend- 
ment. 

The following enumeration comprises the 
principal advantages to be obtained by a geolo- 
gical classification. 

It is founded on the most extensive and im- 
portant affinities of the objects to be arranged, 
andh thus resembles in its principles the clas- 
sification of plants according to their natural 
orders. 

While it teaches, as far as is admissible in 
such a work, the history of rocks as constituents 
of the earth, it combines with that, all that ap- 
pears important of their history as mineral com- 
pounds: nor does it exclude the most minute 
subdivision of varieties, which it also separates 
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from the former so as to give them their due 
value. 

It affords, upon the whole, equal facility for 
reference as a mineralogical arrangement; ad- 
ding, moreover, to the discriminating characters 
of rocks, the history of their order in nature. 
Thus it frequently may remove doubts respecting 
the nature of a rock, in those cases of frequent 
occurrence where words are insufficient to render 
intelligible the differences in aspect and compo- 
sition that may exist between two compounds. 

Although the mode of arranging a cabinet on 
this system is different, it is neither less easy nor 
less convenient than one derived from charactera 
m^ely mineralogical. 

The imperfections of such a system are how - 
ever very considerable ; and it is only by com- 
paring these with the advantages, that w e can be 
guided in our choice. 

The following objections have been made 
against it by the authors who are advocates for a 
mineralogical arrangement ; . but most of these 
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admit of a satisfactory reply. Some of them have 
indeed been already anticipated in the preceding 
observations. 

It is said that the simple and compound rocVs 
{ure thus united in one class, and that, as the for- 
mer have already been described in the systems 
of mineralogy, any further description is super- 
fluous. 

To this it may be answered, as it was already 
remarked, that this very association is conve- 
nient ; since the general relations c«f the simple 
and compound rocks ai'e the same, and since 
they pass into each other by imperceptible gra- 
dations. Nor can it be considered any inconve- 
nience to describe a simple rock twice, if, indeed 
it were esteemed proper that it should be enume- 
rated in a treatise on mineralogy : it is even ne- 
cessary to describe these simple substances in 
every catalogue of rocks ; since that study does 
not comprise all the circumstances which apper- 
tain to their geological Mstoiy. 


It is again objected, that, according to a geo- 
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logical classification, the same rock, or mineral 
compound, must be described twice if it occurs 
under two distinct general divisions ; which, in 
some instances, it is known to do. This incon- 
yenience is trifling ; even were it necessary to 
describe a second time that to which the student 
may as easily be referred in its first situation. 

But this apparent inconvenience is, in fact, an 
advantage. It is an important part of the geolo- 
gical history of a rock, to note that it is repeated 
under a different association : it is most essential 
for the student to know, that many of the com- 
pounds which form granite, for example, are not 
necessarily inferior to the primary strata, but may 
occur even above the secondary. 

It is objected further, that the system of a 
geological arrangement is hypothetical and diffi- 
cult of application. 

It may be retorted on this ground, to the ri- 
val system, that it is not hypothetical, only be- 
cause it includes the much greater defect of en- 
tirely neglecting the natural affinities of rocks ; 
and that it is not merely difficult of application, 
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but absolutely inapplicable to the purposes of 
science. A geological system is, in tnith, hypo- 
thetical, only in as far as it is incomplete : such 
a system points out its own defects ; and every 
addition of knowledge, either demolishes an hy- 
pothesis, or converts it into a legitimate theory. 

The last objection of any apparent weight 
which has been offered against a geological clas- 
sification is, that different mineral compounds, 
or rocks, are enumerated under one name, and 
that the same rock is also sometimes described 
by two names. 

This objection is merely a modification of the 
second ; and it involves the very difficult question 
of a nomenclature ; a difficulty from w hich the 
mineralogical method of arrangement is not ex- 
empt. That part of the subject will be examined 
at more length immediately : it is first necessary 
to state other objections which have been over- 
looked by the authors who have engaged in this 
discussion ; as it is desirable that all the imper- 
fections of each system should be stated with 
equal ffiimess. 
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A aod correct geological arrangement iS) 
in at present unattainable ; as we are not yet 
perfectly acquainted with the order and relations 
of rocks in nature. Whatever modification of it 
is adopted, must therefore be confessedly impear- 
fect. But it is not less the foundation for a per- 
fect one. It offers a basis always susceptible of 
correction, and gradually increasing in correct- 
ness ; every investigation of the characters of a 
rock, necessarily adding something to the mass of 
knowledge on which it is founded. By its very 
imperfections it affords a stimulus to observers ; 
not to rival each other in distinguishing the mi- 
nute differences of specimens only, but in extend- 
ing the bounds of geological science. 

In addition to the imperfections above stated, 
it must also be admitted that it is logically imper- 
fect, that it is not founded on one simple and con- 
sistent principle. This is a defect, if it be really 
considered as an important one, which is probably 
irremediable. The larger divisions are, accord- 
ing to the principle adopted, drawn from tlie 
order and general relations to the structure of the 
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earth which rocks hold in nature. The amaller, 
are necessarily derived from mineralogical clia> 
racters ; and as these are subject to the former in 
the system of arrangement, an obvious species of 
irregularity must follow ; as the same compound 
may be found under more than one of the lai^er 
divisions. But this is a question that ought to be 
tried by the principle of utility. 

In the other departments of nature, a rigid ad- 
herence to the logic of the adopted system is easy ; 
because the objects are definite, constant, and 
connected by invariable and simple relations to 
each other: it is equally useful, as it facilitates 
that investigation which is the object of every ar- 
rangement. It is, or ought to be, adopted, not 
because it is cotisistent, but because it is useful ; 
and it is mistaking the means for the end, to trans- 
fer to the present class of objects, those rules to 
which, from their very nature, they are not ame- 
nable. I'o sacrifice thus to the forms of an ar- 
rangement, is to be anxious about words and neg- 
ligent of things ; it is to recur to that philosophy 
of the antient cohtemplatists which the labours of 
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modem experimentalists have long since ex* 
ploded. 

A geological arrangement of rocks is in fact a 
history of their natural affinities : it is a branch of 
geological science ; and, to this main object, all 
minor considerations ought to be rendered sub- 
servient, even at the risk of some trifling incon- 
sistencies of order. That order which is the most 
useful ought first to be selected : if it were possi> 
ble to add to utility, an unexceptionable regula- 
rity, such a system would be perfect : but a pre- 
cision which serves no purpose, is a shadow de- 
ceiving with the appearance of a substance. 

In examining the conditions requisite for a 
perfect geological arrangement, it will be more 
easy to judge of the value and amount of the pre- 
sent defects, and to conjecture what chance there 
is of future improvement. 

The order of arrangement of every rock in na- 
ture ought to be known : to ensure facility, as 
well as perfection, it ought indeed to be con*- 
stant. 

Every rock ought to be definite and invaria- 
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ble ; constant in its mineral characters, as in its 
position. 

Every principal division, or species, should 
appropriate to itself a distinct set of subdivisions. 

As yet, however, no prevailing general ar- 
rangement among rocks has been ascertained, 
although it has been imagined to exist : and it is 
indeed now certain, that no order can be assumed 
which is not subject to numerous exceptions. In 
the same way, it is demonstrated that the order of 
succession is inconstant in all the minor details, 
and moreover, subject to frequent variations. 

So far also from being definite and invariable 
in their mineral characters, rocks are subject to 
frequent changes, both of structure and of compo- 
sition ; passing, in many cases, into each other 
by imperceptible transitions. This objection, 
however, operates equally against a mineralogical 
arrangement. 

Lastly, rocks resembling each other in com- 
position, are found under divisions often far re- 
mote in geological character and position. 


These are, unquestionably, serious defects; 
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but although they detract from the regularity and 
perfection of a geological arrangement, they do 
not destroy its utility. With some sacrifice to 
order, and with some repetition, many of tlieni 
may be so remedied as to leave the classification 
equally applicable to practice ; an advantage ell 
purchased by such trivial inconveniences. 

In discussing those objections to a minemlo- 
gical system of arrangement, which relate to tlie 
nomenclature of rocks, a few remarks on the na- 
ture of such a nomenclature became unavoidable. 
But it is necessary to examine this important 
branch of the subject in greater detail ; as the 
defects of a geological arrangement will be found 
to depend, in a very great degree, on the imper- 
fections and deficiencies of the existing and very 
limited catalogue of terms by which rocks are de- 
signated. 

If the only object of a nomenclature were to 
distinguish the individuals in a cabinet of speci-. 
mens, it is true that they could scarcely become 
very inconvenient except from their numbers. 
Yet, unless an enormous number was adopted, it 
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would be impossible to distiugfui^ all those 
which, as specimens of mineralogical composi- 
tion and structure, would require distinction. To 
be consistent, as formerly remarked, a nomen- 
clature on a mineralogical principle must neces- 
sarily be large as well as appropriate. 

The numerous combinations, and the endless 
varieties of aspect which rocks present, render it 
impo.ssible to apply distinct names to all ; nor 
is it easy to see, on this system, where the line is 
to be drawn. The inutility of such a nomencla- 
ture, even could it be rendered complete, is ne- 
cessarily comprised in the inutility, already point- 
ed out, of this mode of classification. 

If such names be thus contrived according to 
some principle either of structure or of composi- 
tion, it is obvious that the greatest confusion of all 
the natural analogies of mixed rocks must ensue. 
In this case, as well as in the geological method, 
the same substances would recur more than once, 
whether the principle of the integrant minerals, 
or those of the structure, were made the basis of 
the. nomenclature ; as the same circumstances and 
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the same minerals are found in many different 
rocks in many varieties of combination. 

These remarks have already been sufficiently 
illustrated in the former part of this chapter, in 
treating of the several bases that may be assumed 
as the foundation of a mineralogical aiTangement. 
The question of a nomenclature necessarily rests 
on the same grounds. Any attempt to combine 
these two circumstances, namely, the composition 
and the structure, is productive of still greater 
confusion ; nor does it appear possible to adopt 
any natural system of nomenclature derived from 
mineralogical principles. 

If an attempt be made, on the other hand, to 
avoid these difficulties by the adoption of un- 
meaning terms for all the varieties, (or rather 
species, as they would in this case be esteemed,) 
in the same manner as has been done with regard 
to many of the principal rocks, a nomenclature 
would, in becoming arbitrary, become useless for 
its professed purpose of displaying the mineralo- 
gical affinities of the rocks arranged under it. 
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A burdensome and insufferable jargon would 
also be the inevitable consequence ; nor would 
the vexatious, and too often repulsive effects pro- 
duced by such a nomenclature of technical terms, 
and suidi an inharmonious addition to ordinary 
language, be diminished, even by the most suc- 
cessful modifications of the classical tongues, 
adapted to some real or imaginary properties of 
the sul).stances to be named. No one M ho has a 
regard for the purity and convenience of language, 
M'ill M ish to see extended, where it can be dis- 
pensed M itli, that system of nomenclature which 
has been, in most cases, inevitably, but, in too 
many, Mautonly, introduced into systems of mi- 
neralogy. 

But further, as the object of a nomenclature, 
like that of an arrangement, is to facilitate the 
study and description of the general relations of 
rocks, and of the structure of the earth, a compre- 
hensive or minute system of nomenclature would 
be injurious; even were it free from that fault, 
which every nomenclature founded on minemlo- 
gical principles must possess, of disjoining sub- 
stances geologically allied. 

In geological descriptions there is an inipe- 
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nous necessity for general terms ; since, as numer- 
ous inineralogical varieties occur, often under 
every mode of gradation, yet under one general 
relation to the surrounding rocks, the want of these 
terms would rendef such descriptions unintelli- 
gible. 

Further, as rocks are chiefly studied, so are 
they chiefly to be named for the purposes of geo- 
logy ; and the plan of a nomenclature shoubi 
therefore, like that of a classification, be made 
conducive to those ends. The general terms 
should be founded on the geological relations, or 
should at least, be invariably associated with them ; 
as far as terms are wanted for varietii;s, it is indif- 
ferent from what source they are drawn, provided 
they do not interfere with the main object, nor 
excite improper associations respecting the true 
jdace of a rock in the order of nature. 

It is the perfection of the study, as of the de- 
scription of natural objects, to combine, with a(>- 
curacy in the details, comprehensive general 
vicAvs. To be anxious only about the former, 
takes off* the attention of the student from the lat- 
ter ; and, in attending to the minutiic of an ar- 
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rangement and a nomenclature, he is diverted 
from those general relations which are of a more 
important nature. The effect is even worse ; since 
he is tempted to imagine wide analogies where 
minute resemblance alone exist, and thus learns 
to regulate the structure of his globe by the 
afiinities which he finds in his cabinet of spe- 
cimens. 

To render a geological system of arrange- 
ment complete, its advocates should be allowed 
tlie privileg-e which has been claimed by those 
Avho follow the opposite method ; namely, that of 
framing and multiplying terms according to the 
wants of their system. There should, in fact, be 
no existing nomenclature, but a neAV one should 
be formed and adapted to this purpose. 

The existing nomenclature does, in realitA-, 
produce many of the defects which appear, on a 
superficial view, to be the result of the arrange- 
ment. It has arisen gradually, in a period of ig- 
norance, and during the increase of knoAvledg'e. 
Rocks have been named from their structure, 
from their composition, and from their geological 
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relations. The}^ have also been denoted by local 
or antient terms which refer to nothing in their 
characters. It is impossible to adopt all these 
names and to preserve consistency : it is equally 
impossible to make a partial selection, or to in- 
troduce material alterations, without the greatest 
inconvenience and confusion ; and, in the present 
imperfect state of the science, it w’ould be unjus- 
tifiable to attempt an entire reform in the nomen- 
clature, could we even hope to supersede the use 
of names so long popular, and so long associated 
with all our ideas. It is better to submit to some 
inconveniences, and to endure some repetition or 
circumlocution, than to hazard the confusion 
which is the invariable result of the frequent 
changes and the ambiguous use of terms. Even 
the attempts made by the advocates of the mi- 
neralogical classification, to introduce new names, 
have been ineffectual; nor, without changes 
equally numerous and important, would it be 
possible to render that system, any more than the 
other, perfect, or even intelligible. 

The chief inconvenience in the present nor 
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menclature of rocks, arises from die adoption of 
a double principle, namely that of the geological 
relations, and that of the mineralogical nature : 
and that inconvenience is increased in the works 
of many authors, even of the highest reputation, 
by capriciously admitting one of these principles 
in some instances, and rejecting it in other and 
similar cases. Thus the same rock is called slate 
clay in one position, and clay slate in another ; 
while, in another case, the term greenstone is 
applied to two or more rocks, in the same manner 
identical in mineral composition, but differing in 
the important circumstances of being either stra- 
tified or unstratified, and of occuning either be- 
low the most antient, or above the most recent 
rocks. Whatever system be adopted, it is most 
necessary that consistency should be preserved. 
Else it is obvious, that this practice may be made 
to serve the purpose of any hypothesis ; determin- 
ing, or not, the position of a rock from its nature, 
just as it may suit the views -of the geologist, and 
thus producing the grievous error of reasoning in 
a circle. 

In the present state of things there is no re- 
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inedy for the evils arising out of this ambiguity, 
but to accompany the geological arrangement by 
geological explanations; and thus the natural 
■ history of a rock becomes an essential part of the 
system of classification. 

For this reason it would have been desirable 
to have added to each family of rocks, a full his- 
tory of its geological relations. I'hus, indeed the 
present work was at first drawn up. It liecame 
however but too obvious, when completed, that 
it had assumed the appearance of a system of geo- 
logy, deficient in many important particulars 
which it was impossible to combine with the ob- 
ject first in view, and the presence of which could 
not be dispensed with in such a system. It seemed 
preferable therefore to abandon this ])lan, and to 
reserve for the contingent event of a future work, 
that which could not with propriety be introduced 
into the present. In truth, as the study of rocks 
is essential to that of geology, so is the latter study 
in a certain degree necessary to the former. Nei- 
ther can well be understood without the other ; 
and that an impossible object has not been at- 
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tained, is a defect that will claim the indulgence 
which it need not solicit. 

In a strict sense therefore, the present ar- 
rangement must rather be considered as an at- 
tempt to produce a brief and useful description, 
than an accurate and logical classification of rocks. 
Full of imperfections as it confessedly is in this 
sense, it must be tried by the test of utility ; and 
it will meet with indulgence if, in its application 
to practice, it affords any counterpoise to the nu- 
merous defects already stated ; of which, some are 
inseparably connected with the general ignorance 
of these matters that yet prevails, others with that 
of the author ; but of which the far greater por- 
tion seems to be necessarily inherent in the subject 
itself. 
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CHAP. II. 


ON THE AIEANING IN WHICH THE TERM ROCK IS 
HERE USED, AND ON THE GENERAL PLAN OP 
THE PRESENT ARRANGEMENT ; WITH RE- 
MARKS ON THE NOMENCLATURE ADOPTED. 


The compilers of systems have been divided re- 
specting the substances to which the title of rock 
should be applied. By some, even metallic ores 
have been included in this term ; by others, the 
simple rocks have been excluded, as belonging 
to a system of mineralogy. It is unnecessary to 
enter critically into an examination of these, or of 
other differences of opinion that have prevailed ; 
nor is it easy to frame any definition of a rock 
which is noil open to objection. As the object of 
the arrangement is utility, not logical refinement, 
it is equally unnecessary to attempt such a defi- 
nition. There is an evident impropriety in ad- 
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mitting' the metallic ores to a place among rocks, 
as they appertain to a classification of minerals ; 
and there are still greater objections to excluding 
the simple rocks, on account of their perpetual 
transition into the compound, and the incurable 
confusion which their absence would produce in 
the arrangement. 

The popular sense of the term rock is well 
understood, and it is here adopted in that sense ; 
comprising all the mineral earthy compounds, 
whether simple or mixed, that form conspicuous 
masses in nature, and enter into that which mav 
be considered the structure of the earth. Rock 
salt has not been included ; but there is added an 
appendix consisting of substances to which the 
term rock cannot be applied, but which have ge- 
nerally been described by writers on this subject, 
ft is convenient to notice these, because they do 
not enter into a system of mineralogy, and are 
not sufficiently numerous to admit of a separate 
treatise; while they form an important part of 
the structure of the earth. 
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As a geolo^cal system has been adopted in 
this arrangement of rocks, the principles are 
therefore similar to those of the followers of Wer- 
ner. But neither the order of tlte arrangement, 
nor the number of the substances is the same as 
those which are to be found in the works of these 
authors. The experience of the writer has una- 
voidably led to modifications, often of a very im- 
portant kind. Of the nature and truth of the 
facts on which those views are founded, the evi- 
dence is, for the most part, contained at length, 
in his papers in the transactions of the Geological 
Society, and in his description of the Western 
Islands of Scotland. I'he extent and minuteness 
of this various matter, prevented its introduction 
here ; but it is hoped that the facts in question 
will not be found at variance with the future ob- 
servations of geologists in other countries, how- 
ever they may ditfer in many respects from others, 
often of more antieut date, which, from various 
causes, have conunanded greater respect than they 
will probably be found to deserve. 

Of the convenience or utility arising from 
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these alterations, be must needs be a prejudiced 
and incompetent judge : they are nec^sarily left 
to the experience of others, who will not foil to 
improve that which is imperfect, and to reject 
that which is incorrect. 

The reasons for the alterations that have been 
made, are stated, w herever it appeared necessan', 
in the different remarks which accompany the 
work. Thus the student will be better enabled 
to .judge of their propriety ; and to distinguish 
that w hich has received the writer’s consideration, 
from changes founded merely on caprice or the 
love of novelty. 

The classification is simple ; all rocks being 
referred to a primary and a secondaiy class, and 
a smaller division being fonned of those w'hich 
are found in both. The substances which cannot 
be referred to the latter class, from their more re- 
cent origin, are considered separately in an appen- 
dix ; and a similar expedient is adopted for the 
volcanic rocks. The reasons for this method of 
division are given at more length in an appro- 
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priate where the principles of the classifi- 
cation are examined. 

Each class is subdivided into certain geolo- 
gical divisions, or families of rocks, of greater or 
less magnitude ; and these are, chiefly, such as 
have long been received among geologists. The 
alterations and additions that have been made, 
are such as appeared either convenient or neces- 
sary ; but, whatever they may be, the reasons for 
which they were made are stated, and they are all 
conformable to the general principles which per- 
vade the analogous systems that have already ap- 
peared in the writings of those who have proceeded 
on a similar plan. 

The nature of these subdivisions is such tliat 
they can neither be considered as genera nor 
species ; terms n hich, in reality, are much mis- 
applied to the mineral departments of nature ; as, 
from their long application to objects admitting 
of accurate definition, they imply a degree of pre- 
cision which cannot be found among these inor- 
ganic substances. Neither can the term family 
be always correctly applied to these subdivisions ; 
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as some of them contain no subordinate members, 
while others comprise an extensive range of sub- 
stances, often very discordant, united by one dis- 
tinct geological bond. 

It is in these subdivisions, or families, if the 
term may be admitted, that the defects of the 
geological method of airangement appear most 
striking. They may hereafter perhaps be dimi- 
nished ; but they cannot be wholly removed, as 
they belong to the very essence of the aiTange- 
ment. Nature has, in one place, given us, per- 
haps, twenty rocks, united by a common bond 
of mutual transition, and bearing one general re- 
lation to the surrounding substances ; in another 
place, we find only one rock, or perhaps two, in- 
dependent of all the others, but still bearing to 
them, in a similar manner, one general and fixed 
relation. 

It is obvious that, under such circumstances, 
no family, or no rock Avhich contains more than 
one member, or variety, can admit of that which 
is properly called a definition. A notion more 
or less distinct mav sometimes be couveved, Iia a 
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description of some of the characters ; but an at- 
tempt at definition must be reserved for the va- 
rieties, and, even in these, it sometimes becomes 
a description rather than a definition. 

Under each subdivision are placed those rocks 
which belong to it, or which, collectively taken, 
form the family ; the individuals all bearing the 
same geological relation to the general order, or 
to the structure of the earth. To facilitate the 
investigation of these, they are arranged, when 
numerous, according to certain obvious peculi- 
arities of composition or structure ; by means of 
which the family is subdivided into portions, each 
designated by one particular character. In this 
part of the arrangement also, the same want of lo- 
gical precision occurs ; and, if the classification of 
the organized departments of nature is to be made 
the test of what is right, it must necessarily ap- 
pear defective. In some cases, the characters of 
these rocks are of such a nature, that they might 
be considered as species ; in others, they present 
slight, and, sometimes, very transient variations. 
But distinctions of this nature are, in fact, inap- 
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plicable. If they are made in some cases, where 
they really can be made with great ease and pre- 
cision, that, in some other place, is found impos- 
sible ; and nothing is gained by adopting an order 
in one part wtiich cannot be extended to the 
whole. Whoever may make the attempt will soon 
be convinced that he has undertaken an imprac- 
ticable task ; and that he cannot even ^proach 
the accomplishment of his wishes, without sacri- 
ficing utility and convenience to an imaginary 
regularity. 

Every rock w'hich is described, is therefore 
considei-ed a variety, no other term being equally 
unexceptionable ; and as it must be considered a 
variety, in a geological sense only, it cannot well 
mislead a reader. The most important of these 
are generally placed first in that division in which 
they may occur ; or, when necessary, additional 
remarks are subjoined, by which the student ma^ 
judge of the comparative importance of the diffe- 
rent varieties. That, perhaps, is of little nm- 
ment. As the object of the arrangement is geo- 
logical, he will not be long in discovering the re- 
lative value and constancy of the rodra which he 
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may find : this foims almost an inevitable ])art 
of his acquisitions iii procuring the specimen 
which he is afterwards to examine. To those 
whose only object is to form or arrange a cabinet, 
all varieties have the same value, if their mineral 
characters are sufficiently remarkable. Their geo- 
logical importance is here no object. 

The definition of each variety is, for the most 
part, a description of its composition ; and, 
where necessary, of its structure also. Other de- 
tails are occasionally added, for the purpose of 
preventing doubts, or facilitating the knowledge 
of the varieties under each family ; utility and 
certainty being the objects in view. 

The varieties which are here described, in- 
clude all those which appear sufficiently constant 
to merit a description ; and they are further no- 
ticed in those states where, by gradually losing 
their distinctive characters, they pass into some 
other rock. As, in many cases, similar rocks 
occur under different families, they are, for the 
most part, noticed under each; an expedient 
which, however irregular, from the repetition 
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which it implies, renders the investigation more 
easy to the student. It is also justified by the 
practice of botanists, in pointing out, under the 
genera to which they rigidly belong in one sense, 
those species which, from other characters, it is 
expedient to place under a different genus. 

It is probable that many rocks are omitted, 
but the arrangement admits of perpetual correc- 
tion. It was only in my power to describe accu- 
rately those to which I have had access ; and they 
are chiefly therefore from Britain, as complete 
collections of rocks have not as yet been formed 
by geologists, and few foreign specimens are to 
be found in the cabinets of mineralogists in this 
country. It is probable, however, that the enu- 
meration contains the far predominant number of 
rocks known ; as the same substances have been 
found to occur all over the world. No imaginary 
varieties are given ; a practice in which it would 
be very easy to indulge, ^ other authors have 
done. Such varieties may readily be conceived 
and multiplied ; but to adopt them is to abandon 
the studv of nature, 

K 
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It is presumed that every one who attempts to 
become acquainted with rocks, has acquired a 
competent knowledge of mineralogy : nor is it 
possible to make any real progress in this latter 
study, without learning tlie general characters at 
least, of the principal rocks, as well as minerals. 
The knowledge of rocks, however, whatever may 
be imagined, is seldom communicated by mere 
description, without the aid of some demonstra- 
tion. Even mineralogists are perhaps not always 
aware how much of their own peculiar acquire- 
ments in mineralogy is traditional. It is probable 
therefore that the student will unavoidably open 
every work of this nature with a previous general 
knowledge of the subject ; which w ill render less 
necessary that accurate definition of the families 
of rocks which the nature of the objects renders 
it impossible to give. 

In terminating these introductory remarks on 
the arrangement^ it is necessary to add some ob- 
servations respecting the terms by which the rocks 
are designated. 

The existing nomenclature of rocks is neither 
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tbuaded, as already remarked, on geological nor 
mineralogical principles, but is an unfortunate 
combination of both, which often leads to con- 
fusion. If a thorough reform were attempted, it 
would appear preferable to construct a nomencla- 
ture on geological principles ; as the wide and 
general relations of rocks are the chief objects in 
view in their classification. But to render such 
a system perfect, an accurate knowledge of these 
relations is required ; without which the parts 
could not be arranged ; while, on the other hand, 
an accurate knowledge of the parts is requisite 
for the arrangement of the superstructure. Under 
this double difficulty the subject at present la- 
bours, nor is there any immediate prospect of re- 
moving it. It must not be concealed, at the same 
time, that there is an important evil which would 
result from the adoption of a nomenclature 
founded purely on geological relations. I’hrougli- 
out the whole system of nature the same sub- 
stances are occasionally repeated in situations ge- 
ologically far asunder ; a fact, of which limestone 
presents a conspicuous example. Such a nomen- 
clature would thus dissociate two rocks which 
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might present no differences of character ; and, 
perhaps, sometimes cause us to lose sight of an 
important circumstance of analogy in geological 
science. 

In considering the numerous substances ar- 
ranged in the following catalogues, it will be ap- 
parent that there is a considerable deficiency of 
term.s by which to distinguish them. In this re- 
spect, the history of rocks has not kept pace with 
that of the simple minerals ; in which, new names 
have been adopted as fast as the discovery of a 
new species or variety rendered one necessary : 
much faster, it might indeed be added. This dif- 
ference |n the progress of the two catalogues has 
perhaps been unavoidable. The names of rocks 
having been rather of popular than scientific ori- 
gin, no great attention was paid towards the dis- 
crimination of the substances which entered into 
their composition, the various modes in which 
these were combined, or the different circum- 
stances of structure which might have afforded 
justifiable grounds for distinctions.. In the mean 
time, the science of geology has been rapidly ad- 
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vaiicing ; but the groups into which rocks are 
associated, and the common relation which many 
of them bear to the arrangement of nature, have 
prevented the necessity of much refinement in 
distinguishing the several substances. General 
terms have thus continued to answer the pur- 
poses of geological arrangement and description, 
at least to a certain extent ; since it is still appa- 
rent to those acquainted with the subject, that 
occasional confusion, leading in many cases to 
important errors, has followed from too lax ’a use 
of these. 

But no reform having been attempted until 
these defects had, in the progress of fresh infor- 
mation, accumulated to a considerable extent, it 
has become impossible to apply a complete re- 
medy without an alteration so violent as to change 
all the habits already acquired. It is still how- 
ever easy, as in the case of mineral species, to 
frame a new term on a mineralogical principle, 
whenever a rock essentially different from those 
formerly known, is discovered; an example of 
which is here afforded in the case of Hypersthene 
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rock. Such terms easily unite to the general ca- 
talc^ue already in use, without inconvenience. 
To attempt more, in the present state of things, 
appears injudicious: were it even proper, it could 
not be carried into elfect without a general sub- 
mission to some one acknowledged authority 
which does not at present exist. 

It is undeniable however, that in describing 
geological facts, a renovated and universal cata- 
logue, could it be formed, would prevent much 
circumlocution ; and that distinct terms, once de- 
finitely associated, each with its particular sub- 
stance, would ultimately produce greater accu- 
racy in the examination and description of rocks. 
But it may be doubted if the inconveniences now 
attending such a change, would be compensated 
by any corresponding advantages in the attain- 
ment of that great object for which the know- 
ledge of rocks is chiefly valuable ; namely, the 
study of geological affinities and analogies ; while 
it would almost inevitably lead, as it has too often 
done in the other branches of Natural History, to 
the substitution of trifling details and catalogues 
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of species and varieties, for those wider views 
and inquiries which constitute the true value of 
these studies. 

It only remains to add, that, in conformity to 
these remarks, no change of nomenclature is 
made in the following pages. The common 
terms are used ; although some of them have 
been more accurately limited, where it appeared 
necessary, to avoid confusion ; and others have, 
in the same manner, been occasionally gene- 
ralized ; but always conformably to received ana- 
logy, or to antient practices, and for purposes of 
obvious utility. Wherever this has been done, 
the reasons are submitted to tlie readers consi- 
deration. In the various prefatoiy- remarks which 
accompany the synopsis, reasons will also be 
found for the very few changes or novelties of 
this nature which may be discovered. 
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CHAP. 111. 

OiN TH£ CLASSIFICATION OF ROCKS ADOPTEU IN 
THE PRESENT ARRANGEMENT. 

In the progress of geological science, two differ- 
ent plans have been adopted for the classification 
of rocks. In one of these, all rocks are divided 
into two classes, the primary and secondary : in 
flie other, the division is into three, namely, the 
primitive, transition, and Jloetz ; the last of these 
being the same as the second class of the first 
method. It is obvious therefore, that the esta- 
blishment of a transition class is an attempt to 
subdivide the primitive class of some geologists. 
It is not here intended to explain or examine the 
hypothetical views on which this subdivision 
appears to have been founded ; as it would lead 
to general disquisitions foreign to the subject of 
this work. But as it has not been adopted in the 
present arrangement, it is proper ^riefly to state 
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the reasons for differing on this point from those 
geologists who have received it, and who, it 
must be supposed, have considered it, either a 
natural or a convenient division, or perhaps 
both. 

The primary class is distinguished from the 
secondary by a number of circumstances, obvious, 
in a greater or less degree, to examination ; con- 
sisting, in a constant inferiority of position, a 
prevailing high angle of elevation in the strata, 
peculiar mineral qualities, and the rare occur- 
rence of organic remains. It is also inost fre- 
quently separated from that class by a definite 
boundary ; which is indicated by a reverse order, 
or a want of consecutive parallelism in the strata 
of the two classes at the place of contact, accom- 
panied by a striking peculiarity iii the rock which 
is found at that boundary, and which is the first 
and lowest of the secondary strata. The difiicul- 
ties which, in a practical view, occasionally inter- 
fere with and obscure this arrangement, need not 
be examined at present, as they are discusser! 
hereafter in^the preliminary remarks on these 
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classes. That division into two classes is there- 
fore natural. 

The characters of the transition class, as they 
have been laid down by those who have adopted 
it, are, the presence of organic remains, or the 
occurrence of frag^ients of previous rocks in the 
composition of its strata; implying an origin 
partly mechanical. It is further necessary, ac- 
cording to the hypothesis, that the rocks of this 
character should occur in a position intermediate 
between the secondary and primary rocks ; thus 
forming, according to the view of its founder, a 
transition between the secondary stiata, of which 
the origin and structure are supposed to be me- 
chanical, and the primary, esteemed to be purely 
chemical. It is therefore obvious, from the na- 
ture and consequences of geological alternation, 
that wherever a stratum of the transition class is 
founds all those strata which lie between it and 
the secondary class, must also appertain to the 
former. 


In examining the value of these characters, it 
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must first be remarked, that many of the rocks of 
the transition class are purely chemical in their 
texture, as the limestones and greenstones, for 
example, and that many of them contain no 
organic remains. In the next place, rocks of 
chemical texture occur among the secondary 
strata ; and others, hearing marks of mechanical 
re-composition, are found among the primary. 
Micaceous schist containing fragments of granite, 
the primary sandstone, and the conglomerate 
schists that alternate with quartz rock, all afford 
examples of this latter occurrence. Innumerable 
secondary limestones present instances of the 
former. 

The frequent absence of organic remains from 
the transition rocks, renders that character of no 
value in a practical view ; nor can it be con- 
sidered a natural character, if, in the predomi- 
nant instances, it is absent. It has moreover been 
observed, that organic remains were found in 
limestone alternating with and succeeded by 
gneiss* ; an event which would render it neces- 

* Description of t)ie Western Islands of Scotland. Article 
C/arvh Island. 
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sary, in this particular instance, to place gneiss in 
the transition class ; while, in the predominant 
examples, it must necessarily belong to the pri- 
mary division. No set of internal characters 
therefore can be assigned, which, either taken 
singly, or in combination, are capable of forming 
a distinction between the transition and the pri- 
mary classes. 

Neither can the former be distinguished by 
any definite boundaries. With regard to the 
secondary rocks, its boundary would be the same 
with that already laid down as the limit of the 
primary ; should it be present, and should it be 
held to possess a boundary in this direction. 
That it has been held to be definite towards the 
secondary strata, must be presumed ; because the 
rule of non-conformity, or the absence of the paral- 
lel consecutive position, and the existence of the 
rock know n by the expressive term old red sand- 
stone, are by the same geologists held to be gene- 
rally characteristic of the commencement of the 
secondaty strata. Towards the primary strata, 
it can have no boundary; if that must be re- 
moved as often as a stratum containing organic 
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remains, or fragments of more antient rocks, is 
discovered in a position geologically deeper than 
tliat last assigned for the limits of the transition 
strata. 

Lastly, it is admitted that the transition rocks 
are frequently absent ; the primary and second- 
ary coming into immediate contact. Although, 
from their nature, the secondary rocks may fre- 
quently be wanting, either from the effects of 
waste, or from their never having been deposited 
in some particular spot, it almost implies a con- 
tradiction in terms to suppose that absent which 
is esteemed to be a transition between two classes, 
when these are both present. 

This class cannot therefore be considered a 
natural division, if it does not necessarily exist, 
if it does not form a transition between the pri- 
mary and secondary classes, if it has no aggregate 
of characters by which it can effectually be recog- 
nized and distinguished from those, and if it has 
no assignable boundary. 

If the transition class were productive of any 
convenience in a practical view, it might never- 



theless with propriety be admitted as an artiticial 
division ; the hypothetical (pinions on which it 
was originally founded, being such as, probably, 
to have now few advocates even among those who 
have adopted it. 

In trying it by this test, it is plain that it 
cannot facilitate the classification and nomencla- 
ture of species ; as the same substances which 
occur in the primary, must necessarily also occur 
in the transition class. They are indeed acknow- 
ledged thus to occur, and, for want of real dis- 
tinctions, are generally denoted by the use of the 
hypothetical term, often applied in a manner 
purely arbitrary. Since also it has been shewn 
that this division cannot be distinguished by any 
geological characters, it can evidently be of no 
use in geological investigation, or in classing the 
phenomena which may be observed. On the 
contrary, it is productive of confusion, and tends 
to mislead observers ; as it is only by some pre- 
sumed mineral distinction of the species, that a 
rock can be referred to this imaginary division. 
Hence, the nature of the species alone forms the 
ground of judgment ; not only for the character 
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of the particular stratum, but for that of all those 
which may lie above it in succession, as far as 
the boundary of the secondary strata. 

It is obvious that the consequences of this 
proceeding, as far as it relates to the determina- 
tion of the class of any series of rocks from this 
principle, is to reason in a circle ; an assumed 
class first giving the name to a certain number of 
species, and those again being used to prove the 
existence of that veiy class. Whatever resem- 
blance to this process may ocaasionally occur in 
describing the primary and seeondaiy classes, it 
is evident that, in these, we can always have re- 
course to the infallible test of geological position ; 
if not actually in tlie spot under consideration, 
yet deduced from ample experience in other 
situations. I'o this test the transition class is 
seldom or never properly amenable. 

"I he arrangement here to be adopted is 
therefore the first, or the division into two classes, 
with certain modifications. For the form pri- 
mitive, there is also substituted thfe word pri- 
mary, which is merely of a relative natuic. 
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and can lead to no improper associations of ideas 
respecting the formation of the earth. The pri- 
mary class is thus considered simply as anterior 
in date to the secondary ; and all rocks therefore 
become divided into two leading classes, the Pri- 
mary and the Secondafj'. 

Each of the two classes is subdivided into two 
divisions, the stratified and the unstratified, dis- 
tinguished, respectively, by that difference of 
disposition, which is indicated by these terins. 
As these subdivions have not yet been introduced 
into any of the arrangements of rocks, they w'ill 
each require some explanation. 

In the first class, all the modifications of giu- 
nite are considered as entering into the unsti'ati- 
fied division ; together w'ith serpentine. The 
reasons for not including porphyry in it, will ap- 
pear in considering the second class. 

Granite is disposed in large irregular masses, 
from which, veins are often found to proceed and 
to penetrate the stratified rocks in its vicinity ; nor 
has it yet been observed ip any instance to be de- 
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cideclly stratified. A more minute examination 
of this subject will be found hereafter in the ar- 
ticle which treats of that rock. It is, at the same 
time, entirely and properly limited to the pri- 
mary class ; haviiifj hitherto been found merely 
in contact with the secondary strata and in some 
rare instances only, however near it may approach 
to them : nor do the veins of granite ever pass 
beyond the primary into the secondary strata. It 
is not however thus limited with respect to the 
secondary unstratified rocks. For reasons that 
will immediately appear, it will occasionally be 
found in contact with tliat subdivision ; but, even 
in this case, the granite veins do not pass into 
those rocks ; while, on the contrar}’, the veins of 
those sul>stances pass into the granite, by which 
the relative dates of the two are ascertained. 

In treating of the two divisions of the primary 
class, granite is considered first. That plan is 
adopted from the fiict of its position being always 
inferior to that of the stratified rocks of the same 
class. The veins penetrate these, but the masses 
never alternate with or lie above them, ft does 
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not here enter into the consideration, whether, in 
}>oint of origin, it is prior or posterior to these ; 
tliat question appertains purely to that part of its 
geological history, of which this work does not 
pretend to treat. 

The position of Serpentine, on the contrary, 
which is the only other rock contained in this 
division, is not necessarily inferior to that of the 
stratified rocks of the primary class. It occurs in 
every part of the series, from granite upwards, 
even to the confines of the secondary strata. As 
an uustratified rock, however, it is necessarily 
placed in this division ; and it will soon be seen 
that, in the uncertainty of its position with re- 
spect to the stratified substances, it is by no means 
a solitary instance of irregularity. 

The stratified division requires here no ex- 
planation beyond that which its name will sug- 
gest ; and its several characters are fully ‘ ex- 
amined in that chapter which is appropriated to 
the structure of rocks, and in the preliminary re- 
marks to the primary class. 
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In the secondary class, the stratified division 
is placed before the unstratified, for the same rea- 
sons that the reverse arrangement is adopted in 
the primary. 

The rocks of this latter division, with certain 
exceptions that do not aftect this arrangement, 
are placed above even the latest of the secondary 
strata ; one doubtful case alone, of a partial de- 
posit of stratified rocks, namely, that of the re- 
cently ascertained fresh water formations, re- 
maining for future decision. I'hey are conse- 
quently posterior in point of time ; although the 
marks of that posteriority are sometimes obscure, 
and, occasionally, wanting. But they are also 
found in contact with the primaiy strata, and, as 
before remarked, even with granite. As these 
circumstances might be supposed to offer an ob- 
jection to this arrangement, it is necessary to in- 
troduce a few words on that which belongs pro- 
perly to the general history of these rocks. 


Ihe actual superficies of the earth ofiers ex- 
amples of every rock, from granite to the last of 
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the secondary strata ; those now under review be- 
ing purposely unnoticed at present. Whether or 
not tliey were left in that manner at their forma- 
tion, does not affect the question now under con- 
sideration ; but it is ascertained that the surface 
bears marks of waste, in consequence of which, 
portions of the superficial rocks have been re- 
moved. More particularly, it is known, that the 
secondary rocks, as being the uppermost, have 
been in the greatest degree subjected to these 
changes. 

It is evident now, that if an universal deposit 
of rock w'ere to occur on such a surface, it must 
be in contact with every member of the two 
classes. It is equally evident, that if it were one 
of the characters of such a rock to penetrate into 
vacuities among those to which it succeeded, it 
would be found intermixed with them in the 
shape of veins, or in that of masses of other forms, 
according to previous, or concomitant circum- 
stances. Thus the unstratified rocks posterior to 
the secondary strata, would not necessarily and 
exclusively be connected with these. Eveuntheir 
predominant connections would be regulated by 
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the state of the surface as to the relative propor- 
tions of primary and secondary rocks at the time 
they were deposited. Although, therefore, strictly 
appertaining to the secondary class, their dates, 
or connexions, might not be discovered by their 
position, merely in one part. But if the same 
continuous mass is found to cover, interfere with, 
or ramify into a primary and a secondary rock 
also, there is to be obtained, even uhen in the 
former connexion, a proof of its appertaining to 
the secondary class. 

It has been just remarked, that the surface of 
the earth bears marks of waste, and that this 
waste is necessarily most sensible in the upper- 
most rocks, other circumstances being equal . As 
the secondary unstratified rocks under review, are 
the uppermost, they consequently exhibit the most 
extensive and remarkable losses of substance. It 
thus happens in nature, that masses of the unstra- 
tified rocks are found insulated on the surface of 
the stratified, or, in other Avays, occupying dis- 
tinct and detached positions. It must therefore, 
also occasionally happen that they will be found 
connected with the primary rocks only, in the 
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maimer of superposition, or interference, or both. 
And there is in fact, ample evidence that, in many 
cases, the unstratified secondary rocks are thus 
connected with the primary strata : the proof of 
their true nature being’ founded on community of 
mineral structure between these masses and 
others of more extensive connexions, on prox- 
imity of position, and on other concurring cir- 
cumstances. 

In other cases, however, there is not the same 
evidence ; and there is then less facility in deter- 
mining w hether such unstratified rocks are of a 
secondan' origin, or w hether they may not have 
been formed pieviously to the deposition of the 
secondary strata. The classification therefore 
here fails to possess all the requisite evidence of 
a natural arrangement : it is to be seen whether 
it does not probably still remain natural, and 
whether it is not practically convenient. 

In the first class, there is one decided division 
of unstratified substances, namely, granite, of a 
peculiar mineral character, and always inferior to 
the sti atified rocks ; its nature, and die proof of 
its position being unequirocid. The characters of 
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the secondary unstratified substances are equally 
remarkable ; and the chief of these is a frequent 
or predominant superiority. There is thus a com- 
mon geolog'ical feature by which this arrange- 
ment is distinguished. There is further a com- 
mon set of general mineral characters in all the 
unstratified rocks which are not granite^ w'herever 
they may be found; serpentine being here exclud- 
ed : these characters being so strong as to render 
it often impossible to distinguish between those 
now exclusively connected with the primary, and 
those connected in the same manner with the se- 
condary strata. 

This arrangement, which thus appears natu- 
ral, as well as convenient, will even become ne- 
cessaiy, if it is impossible to discover a criterion 
by which these two can be certainly recognized 
and distinguished. The nature of the remaining 
doubts respecting these rocks, are too intimately 
connected with their geological history to admit 
of being here stated more fully : but they are not 
such as apparently to superseile the convenience 
which will be found to result from the method of 
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division here adopted. In the farther progress 
of this* science, when some absolute character- 
istics shall be discovered, it will be easy to restore 
to the first class, and to a place in the first sub- 
division of that class, the porphyries that are now 
peculiarly connected with the primary strata ; 
should it be proved that they are of an origin 
prior to the secondary. 

As it is scarcely possible to explain these 
views w'ithout a glance, at least, at the origin of 
rocks, it must here be remarked, that the preced- 
ing sketch of the supposed originally universal 
extent of the secondary iinstratified rocks, is an 
assumption for the sake of elucidating the present 
arrangement. 'I’here is no doubt that these rocks 
are rather partial than general ; but that fact 
does not alter the principal views here held out. 
Partial depositions at a recent period, would ad- 
mit of the same train of reasoning to a great ex- 
tent. The only doubt which arises is, whether 
such partial depositions may not have taken place 
at very distinct periods. If they have occurred 
at any time, before the formation of the secondary 
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strata, they must be considered strictly primary ; 
and this may be true, as already suggested, re- 
specting the porphyries now connected with the 
primary strata : or with some at least of these ; 
since it is very certain that the double connection 
just pointed out does actually exist in many of 
them. 

It has been seen that the unstratified division 
of the primary class comprises only one rock, 
namely granite. But under the same head, in the 
secomlary, is included a great variety of sub- 
stanees, differing in their characters, and consti- 
tuting many distinct rocks. As all these, how- 
ever, pass into each other by imperceptible gra- 
dations, and are connected by one common geo- 
logical bond, it has been judged convenient to 
adopt one common term for the whole. This term 
is that of the overlying rocks. It must be con- 
sidered as generic and geological. No single 
term derived from any individual of the . whole 
family, could have been applied to them ; as is 
conveniently done in the case of granite, where 
the same word suffices to express both the geolo- 
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gical and the mineral characters. This term will 
thus comprise, in the subsequent catalogue, a di- 
vision much more comprehensive than any other ; 
under which many rocks strikingly distinct in 
character, will appear rather in the light of v4ti- 
eties than in that of distinct species. If such a 
blemish could have been avoided it would have 
been desirable ; but as all these rocks are united 
by a common geological position, as the natural 
history of the whole is the same, and as they are 
connected by indeterminate transitions, there ap- 
peared to be no choice. 

In chusing the term overlying, a word in 
many respects objectionable, regard has been had 
to established habits, to the difficulty which exists 
in framing new terms, and to the objections 
against this practice ; but it will afterwards be seen 
that these rocks are also occasionally inferior to 
the strata which they accompany, and that they 
are further connected with these in a variety of 
modes. 

No remarks are here necessary on the divi- 
sion of the stratified rocks in the secondary class ; 
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as they will, like the former, be necessarily 
examined in the chapter on the structure of 
rocks. 

The two classes of primary and secondary, 
are followed by a division termed Occasional 
rocks. This indispensihle irregularity in the 
present arrangement, has been adopted for the 
purpose of comprising some rocks which occur 
indiscriminately in both classes, together with the 
substances of a stony nature which are found in 
veins, and are therefore of posterior origin to the 
strata, whether priinai'y or secondary ; in both of 
which they occur. 

I'o the whole are subjoined two appendices. 
The first contains the volcanic rocks, which, if 
they are not in every instance decidedly distin- 
guishable in character from the rocks of the trap 
family, are sufficiently distinct in their origin to 
deserve a separate consideration. 

The substances contained in the second ap- 
pendix might perhaps have been omitted in an 
arrangement professing to treat of rocks ; but as 
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they have usually been described by geologists, 
their omission would form a sensible blank. 
They are moreover interesting, as in many cases, 
tending to illustrate the origin and nature of the 
more recent strata ; while their enumeration 
serves to complete that department in the ele- 
ments of geological science, w'hich forms part of 
the plan of this work. 
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CHAP. IV. 

GENERAI. CATALOGUE OT THE FAMILIES OF 
ROCKS CONTAINED IN THE PRESENT AR- 
RANGEMENT. 

In llie follo\<'ing catalogue, the several fami- 
lies of rocks are arranged according to the divi- 
sions which have been discussed in the preced- 
ing chaptei’S. The reasons for these divisions 
have already been examined ; those on which the 
nearly arbitrary succession of the families has 
been founded, will be treated of' in the subse- 
quent chapter. Tlieir veiy unecjual importance 
and extent is very striking in the case of talcose 
and of actinolite schist, compared with gneiss or 
with the overlying rocks. But the increase of 
such families, or genera, is so much more desir- 
able than their diminution, that it seems expe- 
dient to adopt any reasonable excuse for multi- 
plying them, wherever that can be borne out by 
their inincrHl characters and their geological con- 
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nections. The probable consequence of an in- 
creased acquaintance with the history of rocks, 
will be to add more of these divisions to the now 
circumscribed and irregular list. 

PRIMARY CLASS, 

UNSTRATIFIED. 

Granite. Serpentine. 


STRATIFfED. 


Gneiss. 

Micnceous schist 
Chhvfile schist. 
Talco^e schist. 
Hornblende schist. 
Actinolite schist. 


Quartz rock. 

Red sandstone. 
Argillaceous schist. 
Primary limestone. 
Compact felspar. 


SECONDARY CLASS. 

STRATIFIED. 

Lowest(red) sandstone. Lirncsionc. 

Superior sandstones. Shale. 

UNSTRATIFIED. 

Ovei'lying (and venous) Pitchstone. 

rocks. 


OCCASIONAL ROCKS. 

Jasper. Gypsum. 

Siliceous schist. Conglomerate rocks 

Chert. Veinstones. 
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APPENDIX FIRST. 

VOLCANIC ROCKS. 

APPENDIX SECOND. 

Clay, marie, and sand. Alluvia. 

Coal. Lignite and Peat. 


In introducing' the last articles into this list, 
it may perhaps appear necessary to apologize for 
the presence of coal, which has no claims to the 
character of a rock ; as well as for that of peat. 
But the former is intimately connected with the 
strata in which it lies ; and as it must also be 
treated of in any geological history of these sub- 
stances, of which the arrangement and descrip- 
tion alone is here attempted, it could not have 
been omitted without inconvenience. The latter 
illustrates, in so many important points, the his- 
tory of that valuable mineral, that, as it must also 
be described in any geological system which shall 
hereafter attempt to complete this subject, its 
adoption in the arrangement became equally a 
matter of necessity. 
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In a geological classification of rocks, it might 
appear proper to have made a separate division 
of those whicli are found in the several fresh- 
water partial formations that have recently been 
described. But our knowledge of these deposits 
is as yet in its infancy ; nor are the rocks which 
they comprise so different in character as to re- 
quire a separate division. For the present, they 
fall without inconvenience into the secondary 
class. The princijjal interest attending these strata 
is of a geological nature : and, indeed, depends 
chiefly on that of tlie organic substances Avhich 
they contain. If future acquisitions of knowledge 
respecting them should render it necessary, there 
will hereafter be no difficulty in modifying the 
present arrangement so as to give them an appro- 
priate place. 



81 


CHAP. V. 


REMARKS ON THE GENBRAE CATALOGUE OF THE 
• ROCKS CONTAINED IN THIS ARRANGEMENT, 
%ND ON THE ORDER OF THEIR SUCCESSION IN 
NATURE. 

In the preceding general catalogue are comprised 
all the rocks which seem to have been decidedly 
ascertained by geologists to constitute distinct 
massses in nature. Our knowledge is not how- 
ever as yet sufficiently accurate or extensive to 
enable us to determine whether all the inferior 
varieties, here ranked under the general heads, 
are accurately referred ; or whether some of them 
may not have claims to distinct places in the sys- 
tem. The chief of these doubts relate to certain 
rocks not found in Britain, the geological connec- 
tions of which have not been satisfactorily inves- 
tigated or described. I may quote, as an exam- 
ple, the topaz rock, which is here placed under 
gneiss, from its general character. Future exa- 
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miirations will rectify these and many similar 
blemishes; under the present uncertainty, the 
most probable places for the doubtful rocks have 
been chosen ; since no proofs of geological dis- 
tinctness have been brought forward so as to claim 
for them decided places in an arrangement which 
is intended to be geological. 

Another practice has here also been adopted, 
which it is requisite to explain in this place. The 
number of the minerals which constitute the great 
masses of mixed rocks, appears to be very limited, 
as will be shown in an appended list. But many 
other minerals are occasionally found, as is there 
mentioned, intermixed in rocks, so as to consti- 
tute remarkable varieties. In most cases, these 
varieties seem to be of limited occuiTence ; the 
rocks in which they are found, how ever distinct 
in specimens, forming portions only, more or less 
extensive, of the larger and more ordinary 
masses. 

It is also well known that these accidental mi- 
nemls often occur, occasionally, or dispersedly, 
in rocks, in proportions so small as not to modify 
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their general characters. No limit could there- 
fore be drawn in an arrangement of this nature, 
betw'een those specimens, or rocks, in which such 
minerals abound, and those in which they occur, 
as it were, by chance. For these reasons, such 
compounds, even where rendered very remark- 
able by tlie predominance or abundance of some 
particular accidental or superfluous mineral, have 
not been enumerated in the synopses, even among 
the lowest divisions of varieties. Micaceous schist 
is an example in point. In this rock, a single 
garnet only is sometimes contained in a large frag- 
ment ; while, at others, these crystals are so nu- 
merous as to form a large part of the bulk of the 
rock. The jiractice has here been, not to consi- 
der this as a distinct variety, but as an ordinary 
specimen containing imbedded minerals. 

The same rule has further been extended to 
all the cases where minerals occur in a state of 
mixture, however considerable; provided these 
are not found in that list which is generally re- 
(’eived by geologists as containing all the minerals 
essential to rocks. It may perhaps be hereafter 
found necessary to extend that catalogue; in 
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which case some of the rejected varieties will na- 
turally fall into the synopses among those which 
now exclusively occupy that place. At present, 
the several minerals yvhich occur in a state of mix- 
ture, yy liether more or less extensive, yvith the 
ordinary' ingredients of any rock, are added at the 
end of each emunei-ation ; and, by examining that 
list, collectors yvill be enabled to verify any”^ spe- 
cimen of yy hich the character might, from the 
prevalence of some adventitious mineral, ajypear 
otherwise doubtful. 

It may histly be remarked on this subject, that 
the geological connections of some of these mix- 
tures of essential and unessential minerals, have as 
yet been so imperfectly^ described, that, as in the 
case of the doubtful rocks just mentioned, it is by 
no means certain that they have been ahvays truly 
chosen in this arrangement ; but the correction of 
these and many other faults, must be trusted to 
time, and to an ijicreased attention to a subject 
nearly in its infancy. 

In the present catalogue there yvill also be 
found some rocks which have scai'cely obtained 
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places in a geological arrangement, and of which 
two, at least, have been hitherto enumerated only 
among minerals : These are, siliceous schist, jas- 
per, and chert. As far as can be ascertained, 
from the circumstances attending their geological 
positions, they are all of a local nature, and ap- 
pear to be modifications occurring at the com- 
mon boundaiy of the stratified and the unstratified 
rocks ; being apparently produced, in most cases, 
by the local influence of the latter. As they be- 
long eipially lo both the primary and secondary 
classes, they have been placed, as already re- 
marked, under a distinct title. This expedient ap- 
peared pr(‘ferable to that of enumerating them 
merely among the varieties ; where however they 
ai’e also noticed when necessary. Siliceous schist 
indeed has long been con.sidcred, like argillaceous 
schist, a peculiar and distinct formation, and its ab- 
sence might therefore have excited surprise. 
Moreover, on the view of its geological history 
here adopted, it became absolutely necessary', in 
giving it a place, to allot one also to each of those 
substances which bear so striking an analogy to 
it in their origin and connexions. 



Under these several views the preceding cata- 
logue was drawn up. But some preliminary ob- 
sensations respecting the adopted succession of 
the families, or general titles, are necessary, to 
prevent it from being imagined that this is the 
order in wdiich the several rocks actually occur in 
nature. The minuter details requisite to illus- 
trate this and many previous statements, must be 
sought in systems of geology, if indeed they are 
there to be found ; the most general sketch alone 
must here be sufficient. 

M^ith respect to the order of succession in the 
primary class, the claim of granite to the first or 
lowest place is unquestioned : and liiis already 
been discussed ; as has the unsteady and variable 
position of serpentine ; but after the former, no 
further ceidainty can be obtained as to the next 
rock, or the first of the strata ; since they are all 
occasionally found in contact with it. That place 
has here been given to gneiss, chiefly because it 
has been the custom so to do. 

The relative order among the stratified rocks 
themselves is also inconstant ; but it is not impro- 
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bable that a distinction may exist in this case be- 
tween the larg^er tracts and tlie more limited col- 
lections of strata. It is however undoubted, that, 
in many instances, there is no such distinction, 
but that even the largest masses or tracts occur in 
an uncertain order. Thus, although the great 
tracts of ai gillaceous schist are most commonly 
fouhd on the confines of the series of primary 
strata, they sometimes also exist below quartz 
rock and micaceous schist ; of which Scotland 
furnishes examples. 

It must now also be remarked, that it is, in ge- 
neral, only in the smaller tracts, or collections of 
strata, that the fact of alternation, or the nature of 
the relative position, can clearly be ascertained. 
In the larger masses, the connections are often in- 
visible or unassignable ; either from their dimen- 
sions, and the great spaces which they cover, or 
from the impossibility of ascertaining truly what 
bed is uppermost where the inclinations of the 
strata undergo a reversal, as they are found to do 
among the primary rocks. To assign an order 
in such cases, is beyond the reach of our powers. 

The occasional deficiency of certain classes of 
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rock produces similar uncertainty ; or rather, 
perhaps, this ought to be considered as an unques- 
tionable proof of the irregularity in 1 lie succession 
of the primary rocks. It is, [ilaiuly, but the same 
fact expressed in different language. 

Where, however, alternations are clearly visi- 
ble, as in those cases w here stratii of limited extent 
follow each other with a conformable inclination 
and in contact, no constant order can be fouml ; 
or rather, the greatest irregularity seems to [ire- 
vail. 1 shall, to illustrate this statement, here 
subjoin a catalogue of some of the most remark- 
able alternations among the primary strata as they 
occur in Scotland. Some of these are limited to 
one succession ; in othei's, the alternations are re- 
peated ; but it is unnecessary for the present pur- 
pose to distinguish tliein. 

The order adopted in the catalogue is there- 
fore arbitrary in the primary class ; and has only 
been selected, as being the most conformable to 
established habits ; but it comprises certain alte- 
rations that became requisite in consequence of 
the adoption of a different division, and of a new 
member. 



In the secondary class, ifb order is to be as- 
signed, from the limited number of substances 
contained in it, and from the frequent alternations 
in which these are found. 

I'he following list cimtains, in confirmation of 
the preceding views, a few^ examples of the differ- 
ent orders <»f succession whicdi occur among 
rooks. Tlie examples are all selected from this 
eonntry, partly for the purjmse of increasing the 
authority of the statements, t^y permitting them 
to be easily Yeritied, and partly for that of facili- 
tating the access of the student to a set of facts 
which are at variance with some of the received 
geological systems. 7'he localities have been 
added for the former reason ; and they might 
easily have been multiplied had it appeared ne- 
cessary. (leologists liave recently ascertained 
that similar uncertainties of arrangement exist in 
other countries, and the student may consult their 
writings. The examples are, not quoted: as, 
throughout this work, it has been deemed expe- 
dient to rely as far as possible, only on those facts 
respecting which the author imagines he has re- 
ceived that conviction which is founded on ob- 
ervatioii. 
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SUCCESSIONS AMONG THE PRIMARY ROCKS. 


Granite. 

Gneiss. 

Limestone, 

Quartz rock. 

In Glen Tilt. 

Granite. 

Limestone. 

Quartz rock. 

Micaceous schist. 

Gneiss. 

In Glen Tilt. Hornblende 
schist also occurs in 
any part of this series. 

Granite. 

Arg*illaceous schist : 
(clay slate, and fine 
graywacke). 

Gneiss. 

In Iona: in BamflTshire. 

Granite. 

Micaceous schist. 

Quartz rock, or else the 
quartz rock next to the 
granite. 

In Mull, and in Glen Tilt. 


Granite. 

Primary sandstone. 
Secondary strata, with 
coal. 

In Sutherland. 

Granite. 

Gneiss. 

Primary sandstone. 

In Sutherland. 

Granite. 

Micaceous schist. 
Secondary strata. 

In Arran. 

Granite. 

Argillaceous schist. 
Secondary strata. 

In Arran, and in Aber- 
deenshire. 

Granite. 

Gneiss. 

Cal careous sandston e, 
including shale and 
coal. 

In Morven and in Mull. 
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Granite. 

Lowest (red) secondary 
sandstone. 

In Aberdeenshire : at Kil- 
druramy. 

Granite. 

Argillaceous schist ; 
(clay slate or gray- 
^acke). 

In Cornwall. 

Granite- 

Argillaceous schist ; 
(clay slate and gray- 
wackc). 

Lowest red saridstone. 

Iii the Isle of Man. 

Granite. 

Argillaceous schist. 

Conchiferous limestone: 
(above the red sand- 
stone) ; lias ? 

In the Isle of Man. 

Argillaceous schist. 

Gneiss. 

Argillaceous schist. 

In Isla^ and in Rosshire 
and Sutherland. 


Gneiss. 

Primary sandstone. 
Conchiferoi}|.limestone : 
above tl^e lowest (red) 
sandstone: lias. 

In Sky. 

Gneiss. 

Secondary sandstone, 
(red, lowest). 

Superior sandstone and 
limestone (lias). 

In Inch Kenneth. 

Gneiss. 

Primary sandstone. 
Quartz rock. 

Gneiss. 

In Sutherland. 

Gneiss. 

Quartz rock. 

, Limestone, bituminous, 
or containing organic 
remains. 

Quartz rock. 

Gneiss. 

In Sutherland- 
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These are among the most simple successions 
which it appears necessary to point out. 

In the following examples the different rocks 
in each group occur in every possible mode of 
relation and succession, and in repeated alterna- 
tions. 

Micaceous schist. 

Fine argillaceous schist: (clay slate). 
Micaceo-argillaceous schist : (gray wacke). 
Arenaceo-argillaecous schist ; (gray wacke). 

Fine conglomerate schist : (graywackc). 

Quartz rock. 

In Jura and Scarba. 

Fine argillaceous schist: (clay slate). 

Coarse, of various characters : (gray wackes). 
Chlorite schist. 

Micaceous schist. 

Gneiss. 

To which is sometimes superadded 

Limestone. 

In the southern Highland border, and in Bute. 

Hornblende schist. 

Actinolite schist. 

Quartz rock. 

Micaceous schist. 

Chlorite schist. 
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To which are sometimes superadded 

Limestone. 

Argillaceous schist. 

Gneiss. 

Knapdale, Nether Lorn. 

Respecting the secondary rocks, it is only ne- 
cessary ttt offer some general remarks ; since from 
their very limited number, as far as essential cha- 
racters are concerned, they do not admit of the 
same method of enumeration. 

It has already appeared, that the lowest (red) 
sandstone does not necessarily succeed to the pri- 
mary strata. 

iVny member of the three leading species of 
which tliey consist, namely, sandstone, limestone, 
and shale, may succeed another in any mode of 
repetition or alternation. 

It is not however believed that local varieties, 
such as the oolite among the limestones, or the 
red marie of England among the sandstones, can 
have their order inverted, so as to appear above, 
and also below, any other local rock. But any 
of the members may be absent ; and thus one 
rock may, in some places, follow another in im- 
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mediate succession, when, in others, the two are 
separated by different intervening strata. It is 
"however doubtful whether obsei’vations have as yet 
been sufficiently extended to justify the adoption 
of any invariable laws on this sulyect. 

With respect to the trap rocks, it is now. un- 
necessary to observe, that they are found in con- 
tact with every substance in the ciilalogue. 
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CHAP. VI. 


VIEW »OF THE EXTERNAL AND INTERNAL GENE- 
RAL CHARACTERS BY WHICH ROCKS ARE DIS- 
TINGUISHED. 


Rocks, like the simple minerals of which they 
are formed, are, independently of their composi- 
tion, possessed of various characters more or less 
obvious, by which they are capable of being dis- 
criminated with a greater or less degree of cer- 
tainty. Neither technical nor common language 
however, are always sufficiently copious or precise 
to serve the purpose of conveying ideas of some 
of the minuter differences, which are still suffi- 
ciently palpable to the eye. This defect is pro- 
bably irremediable ; but it will nevertheless be of 
use ti5 enumerate the different circumstances to 
which mineralogists have applied discriminating 
toms ; as, in a great number^of instances at least, 
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it will facilitate the progress of the student in in- 
vestigating the names of rocks ; and as many of 
them can be rendered sufficiently intelligible. 

Independently of those varieties of character 
of a minuter kind which are in some measure 
common to rocks and minenils, the former are 
also, in many cases, distinguished by oertaih ek- 
ternal inodes of configuration or disposition, as the 
latter are by their geometric forms. As these con- 
stitute an essential part of the natural history of 
rocks, and are frequently referred to in the follow- 
ing pages, an enumeration of them is equally re- 
quired. That enumeration is indeed rendered 
peculiarly necessary by the geological principle 
of arrangement which has been adopted. It may 
perhaps be conceived to belong more properly to 
a system of geology. Assuredly, it Would recjnire 
to be detailed in every such system ; but the rea- 
der who shall imagine it rescinded from the pre- 
sent work, will soon become sensible of the incon- 
veniences that would arise from its absence. 

The following are the circumstances which it 
has been judged proper to select as the general 
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rharacters which seem principally applicable to 

the discrimination of rocks : 

The external configuration of the masses ; or 

their geological forms and disposition. 

The internal structure ; or the concretionary 
forms which are peculiar to certain rocks and in- 
dependent of the preceding. 

The texture ; a distinction analogous to that 
circumstance in the simple minerals. 

The fracture ; a distinction often intimately 
allied to, or identical with the preceding ; but, 
frequently also, independent of it. 

The hardness ; or the degree in which they 
resist the action of hard and pointed bodies of dif- 
ferent kinds. 

The frangibility ; a circumstance distinct from 
the former, and consisting in the greater or less 
facility with which they are broken. 

The lustre; or the degree in which they re- 
flect light. 

The degi’ee in which they transmit light ; or 
the transparency. 

The effect of acids in extricating air. 

The specific gravity. 


it 
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The distinctions derived from the touch, or 
the feel, in rocks, are so limited, that it is unne- 
cessaiy to consider them in this place. 

Those derived from odour, are nearly of equal 
inutility ; although the argillaceous smell has been 
often enumerated as a distinction. It belongs to 
so many different rocks as to form no criterion in 
itself ; and is so generally accompanied by other 
characters of greater distinctness, as to be rendered 
unnecessary even when present. 

The property of absorbing "water with rapi- 
dity, appears, in the same way, to be a charactei- 
of little or no practical use, and no further notice 
is therefore taken of it. 
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CHAP. VII. 


ON THE EXTERNAL CONFIGURATION OF ROOKS. 


I^OCKS are fo«nd under the following different 
forms : 

Irregular masses. 

These maj' be of any size, even of moun- 
tainous bulk. Examples of them are afforded by 
granite, and by the overlying rocks, or the traps 
and porphyries. 

Pseudo-strata : Beds of some geologists. 

These forms belong to the same rocks, distin- 
guished in the arrangement by the term unstrati- 
fied. They are often combined with the preced- 
ing, and pass imperceptibly into them. The 
mode of distinguishing them from real strata will 
be pointed out hereafter. 

This form is sometimes the apparent result of 
a peculiar concretionary structure, as in granite ; 

H 2 
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and might, iu tliis case, have been classed with 
the lamellar, into which (.on the large scale) it 
occasionally passes. 

The beds are sometimes straight, at others 
curved, and they are often placed in many ditfer- 
ent directions within a small space ; varying in 
position from the horizontal to the vertical. 

They are also frequently jointed, or dividecl 
at right, or oblique angles, into cuboidal or pris- 
matic forms. In these cases they might equally 
be referred to the large concretionary structure. 

The form of a bed, or pseudo-stratum, is often 
assumed by the trap rocks, or the rocks of the 
overlying division, in consequence of their being 
deposited on areal stratum. 

That form also results from the intrusion of 
veins between parallel strata, and the distinctions 
are considered in treating of veins. It assumes the 
appearance of true stratification in a very accurate 
manner, when, by the wearing away of the upper 
of the including strata, it occupies the surface. 

Strata. Sometimes also called beds by 
many geologists. 
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These are masses far more extensive in two 
dimensions than in the third, and commonly oc- 
cupying large spaces. In its simplest form, the 
stratum may be considered as a horizontal bed, 
the superior and inferior planes of which are pa- 
rallel, or nearly so, and straight, or lying in one 
mathematical plane. It is held to ari^e from the 
deposition of earthy matters from water. That 
form is however rare, and the stratum is subject 
to many modifications. 

llie planes may be straight, and inclined to 
each other; so that the stratum, if prolonged, 
would terminate in an edge. 

By the gradual approximation of the planes 
and their successive divergence, they may vary in 
thickness in different parts ; and, in such cases, 
it is obvious that the planes will no longer be ma- 
thematically straight, but variously curved. 

fa these cases, strata sometimes vanish en- 
tirely in the planes of their courses, and are re- 
newed at some distance, with the same or with 
otlier connections. 

Whether parallel, or not, they vary extremely 
in thickness ; in some cases being even less than 
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an inch, in others assuming a dimension of many 
yards. It is obvious that very thin strata cannot 
be very persistent. Many different dimensions 
are sometimes found associated in the same series 
of successive strata. 

An apparently continuous general stratifica- 
tion will sometimes extend for even many miles ; 
but the surface of the earth is seldom in such astate 
as to allow the same individual stratum to be 
traced for a few hundred yards. 

A stratum is sometimes simply bent ; or un- 
dulated, and in curves of greater or less magni- 
tude. That undulation, or curvature, may be li- 
mited to one direction, or another, or it may ex- 
tend to two. In such cases it produces effects in 
varying’ the apparent position of strata, which will 
be considered in treating of their dip. 

The curvatures of a stratum are sometimes 
such as to cause it to assume the form of a sphe- 
roidal crust. They are also occasionally of such a 
nature as to amount to contortions. In other 
cases, when considerable, they are sometimes at- 
tended by fractures more or less numerous. 

Strata are also frequently fractured, without 
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contortion ; and, in such cases, tlie fractured ends 
sometimes remain in contact ; at others, they are 
shifted so as no longer to be in the same plane ; 
and, at others again, are separated by veins of in- 
tervening materials. 

In one rock only, it has been observed that a 
stratum will in one part lose its character and be- 
come a shapeless mass. This happeirs W'here se- 
condary limestone is in contact with the primary 
rocks ; and also where it is in the vicinity of trap. 
The Isle of Man, and Sky, furnish examples of 
both these facts. 

The positions of strata vary from the horizon- 
tal to the vertical, through every intermediate 
angle. 

The horizontal position requires no further 
remarks ; but the inclination of the others to the 
horizon is called the dip ; in which term is fur- 
ther implied its tendency tow'ards some point of 
the compass, where it is not vertical ; tvhile the 
quantity of that inclination is expressed in the 
number of degrees by which it deviates from the 
horizontal position. 

If a vertical stratum be assumed, of which the 



104 


edge is parallel to the horizontal plane, it is ofi- 
vious that such an edge will have a linear direc- 
tion on some line of the compass, which is at right 
angles to the inclination, or dip, and indicates the 
position of the plane towards the meridian. In 
similar strata, although the edge is not thus pa- 
rallel to the horizon, the position of the jdane 
with respect to the meridian may he ascertained 
by a spectator placed in the same line, but the 
edge will no longer be at right angles to the 
vertical. 

This position of the plane of a stratum with 
respect to the meridian, is therefore called the di- 
rection of a stratum. I'his term is equally ap- 
plied to strata at all the angles w hich deviate from 
the vertical ; but as the tendency of the plane can 
be truly discovered from the edge, only w hen that is 
{rarallel to the horizon, the direction is determined 
by an imaginary line at right angles to the incli- 
nation, or parallel to the horizontal plane. 

In many cases of inclined strata therefore, as 
the direction of the strata cannot be determined 
by their elevated edges, but must be deduced from 
their dips, the knowledge of the one is evidently 
implied in that of the other. 
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When strata become horizontal, it is plain 
that the term direction is no longer applicable. It 
is also proportionably difficult to determine as the 
angles of inclination are small ; and becomes 
therefore a far less useful circumstance in tracing 
the connections of distant strata. 

Tlie inclination of any stratum is subject to 
change along the imaginary line of its direction, 
in consequence of undulations or flexures ; and 
hence the same stratum fref|uently presents differ- 
ent angles of dip in different parts. 

The direction of a stratum is also subject to 
apparent, or local variations, in consequence of 
flexures or undulations in an order the reverse of 
the former ; and hence the same stratum occa- 
sionally presents, in different places, different ten- 
dencies of the elevated edges. A mean direction 
may be deduced in such cases ; but, strictly speak- 
ing, the term is no longer applicable. 

It is lastly evident, that, iii cases of compli- 
cated curvature, nothing satisfactory can be de- 
termined with regard either to the dip or direc- 
tion of strata. 
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Practically, there are few cases in which ge- 
neral conclusions with regard to these circum- 
stances can be safely drawn from the measurement 
of one part of a stratum. 

The positions of strata with regard to each 
other, or to the neighbouring rocks, are various. 

When in contact with granite, or other irre- 
gular rocks, they are rarely, if ever, parallel to its 
surface, for any considerable space, or adapted to 
the external form of the mass. 

More commonly, such an irregular rock is 
found in contact with many successive associated 
strata, or meets them at some angle to the planes 
of their stratification. In such cases they are fre- 
quently contorted, or fractured, and penetrated by 

* 

veins which are connected with the irregular 
rock and formed of the same materials. In some 
rare instances they are also broken into fragments 
of different dimensions, which are found insulated 
in the irregular rock. 

When strata follow each other, they are very 
often parallel for a considerable space ; or as nearly 
parallel as the inequality of their thickness permits. 



In otlier cases, one series of strata meets ano- 
ther at some angle; and this occurrence hap- 
pens most frequently where the primary are fol- 
lowed by the secondary strata, but is by no means 
confined to these. In such a contact, the planes 
of the superior strata may lie on the edges of tlie 
inferior ; a position known by the terms uncon- 
formable and overlying'. Otherwise, the edges of 
the superior may abut against the planes of the 
inferior. There are cases moreover, in which one 
stratum, or series of strata, may be both parallel 
and uncouformable to the series immediately be- 
low it ; being in contact with the edges in one 
place and with the planes in another. 

In a succession of strata, the angle of inclina- 
tion is sometimes found gradually to increase, or 
to diminish, according to the mode in which they 
are examined. In this way, strata pass gradually' 
in some cases, even from the horizontal to Uie 
vertical position. 

Some cases occur in which this disposition 
takes place in a corresponding manner on both 
sides of a vertical stratum, or set of vertical strata. 
In such instances, the strata have been said to ra- 
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diate. This radiation is sometimes so disposed 
that the strata divei'ge from the upper visible edge 
of the vertical stratum ; while, at others, they con- 
verge towards it. 

In some instances of the latter disposition it 
can only be known that two strata meet in an angle 
like the roof of a house ; the intermediate rock 
being inaccessible. 

Such reversals of the dip are sometimes re- 
peated several times in the horizontal space occu- 
pied by one set of strata. 

One set of strata is sometimes found occupying 
a limited space, and lying on another stratum, or 
set of strata, in such a manner as to present a con- 
siderable depth in the central parts and to dimi- 
nish gradually towards the edge. Such a collec- 
tion has been called a basin ; and, under favour- 
able circumstances, each stratum of it will in some 
place be found in contact with the inferior rock on 
which the whole reposes. 

The thickness, or depth, if in a position ap- 
proaching to the horizontal, of any series of strata, 
is extremely various, even from a few yards up- 
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wards; but its limits are unknown. Scotland 
presents one example, in which an uninterrupted 
series of one rock, in a position approaching to 
the horizontal, is nearly 4000 feet in depth. This 
is the mountain Kea cloch in Rosshire, composed 
of red sandstone. 

When the inclination is considerable, access 
is obtained in a horizontal direction to a much 
greater extent of a series ; and, in such cases, the 
thickness of a collection of stmta has been found 
to amount to many miles. In Argyllshire the 
lateral thickness of that which I have elsewhere 
called the chlorite series, is nearly twenty. 

Strata ai'e separated from each other by mathe- 
matical planes, sometimes, (technically,) called 
seams. They are also at times further divided at 
some angle to their planes by other planes called 
joints. In some instances, such joints are ob- 
served to be parallel to each other. 

A series of strata sometimes consists of one sub- 
stance, or rock, only ; at others, one prevailing 
rock is divided by much thinner strata of ano- 
ther ; as sandstone is by shale. 
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In other cases, two or more distinct rocks unite 
to form one series; being repeated in an order 
which may be either regular or otherwise. Thus 
gneiss is associated with hornblende schist. 

Sometimes, a small proportion of one rock 
occurs in a series principally consisting of another. 
The term subordinate has been applied to such a 
rock ; occasionally with no small inconvenience. 
Shale alternating with sandstone, is an example of 
this disposition. 

It is a prevailing rule in nature for a given stra- 
tum to consist of one rock. It also most com- 
monly consists of one modification of that rock ; 
but this rule is far from universal. Thus, the 
upper part of a stratum may consist of a fine sand- 
stone, and the lower of a conglomerate ; or the 
reverse. This change may also take place ac- 
<*ording to the plane of the stratum, or laterally. 

Strata frequently contain foreign organic bo- 
dies imbedded ; sometimes confusedly, at others, 
with more or less of conformity to the plane of the 
stratification. 


"J'here are cases in which it toay be difiScult to 
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distinguish strata from the pseudo-strata, or beds, 
already mentioned. In these, recourse must be 
had to those characters on which the distinction 
^Yaa originally founded, which are the follow- 
ing. 

In some places the pseudo-strata pass into the 
irregular masses which they generally accompany ; 
or else they become irregular in some part. This 
occurrence does not take place among real strata, 
except in the solitary instance of limestone, else- 
where mentioned, where the presence of organic 
remains is a sufficient criterion of the stratified 
nature of the rock. 

Pseudo-strata do not maintain art* invariable 
parallelism to the real strata which they accom- 
pany. When above, they meet them obliquely ; 
or the base of the pseudo-stratum is in contact with 
different strata of the inferior series. When in- 
termixed, they either present similar irregularities, 
or, being parallel in one place, they intersect in 
another. 

Veins are found to proceed from pseudo-strata 
as they do from irregular masses, and to penetrate 
the adjoimng strata. No veins proceed from real 
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strata: the appearances which might be mistaken 
for these, are noticed under the head of veins. 

Pseudo-strata are limited to the rocks of the 
overlying division, or to the traps, syenites, and 
porphyries, and to granite. This distinction is 
practically the most easy ; and it is the only one 
necessary for the student, if, %s is presumed, the 
observations on which it is founded are correct. 
If otherwise, it may still remain a rule, until it is 
proved to be unfounded by a more extensive know- 
ledge of this subject. 

NoDutEs. Or imbedded irregular masses. 

This Iftm is adopted, for want of one more 
appropriate, to include rocks which arc not stra- 
tified, nor disposed in pseudo-strata, and which 
do not resemble in their connections the large ir- 
regular masses. 

The form ot nodules is very various. They 
are sometimes extremely irregular, at others, 
bounded by smooth or even surfaces, and possess- 
ing an average general dimension alike in every 
part. Not uufrequently , they have a much greater 
dimension in two directions than a third ; and, in 
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such cases, they pass into the form of non-per- 
sistent and extenuated strata. 

Nodules are frequently imbedded in stratified 
rocks ; but they are also found in granite. Ser- 
j)entine' presents an example of this last case. 

The size of these masses varies from a foot to 
a mile or more. 

As yet, limestone, serpentine, and compact 
felspar, alone, have been found in this form, which 
must be considered rare. 

Veins. 

Veins are distinguished by their laminar, or 
filamentary forms, and by intersecting all the other 
forms in which rocks are disposed. They also in- 
tersect each other. 

The ctaii’se of a vein is sometimes straight, or 
in one plane ; at othera it is curved, or even bent 
at an angle ; but the latter occurrence is rare. 

The flexures of a vein are sometimes such as 
to amount to undulation ; rarely to contorsion, ex- 
cept in the case of quartz and carbonat of lime, 
which are scarcely to be enumerated with pro- 
priety among rock veins. 


1 



Veins^e sometimes, likestrata, fractured, aud 
the fractured parts either remain in contact, or 
are separated (shifted) so as no longer to be in the 
same plane. Such fractures are sometimes occu- 
pied by other veins ; or one vein is intersected by 
anotlier of the same, or of a different substance. 

In some cases, veins are s^p^ple. In others, 
they divide into two or more, or they give off 
smaller brandies, or, lastly, ramify into successive 
subdivisions. Such ramifying veins are almost 
necessarily filaments, at least in their ultimate 
branches . I n such cases, Avhich occur pri nci pal ly 
in granite, the cliaracter of the rock often varies 
in the progress of subdivision. 

I'he size of veins is extremely various. 
'J’hose of granite sometimes descend to that of a 
thread ; those of the trap family reach to a breadth 
of an hundred yards and upwards. To the extent 
of laminar veins, according to the direction of their 
planes, there are no limits to be assigned. 

The breadth of laminar veins is sometimes the 
same for a considerable space, or the sides are pa- 
rallel ; in other cases, they are inclined, so that 
the vein becomes gradually extenuated till it dis- 
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appears ; or they are alternately extenuated and 
expanded, s<^iks to present a sort of undulating 
appearance. 

The positions of veins with respect to ^e ho- 
rizon, vary through every possible angle. The 
direction and the dip are estimated in the sanae 
manner as they ar* in strata. 

When veins traverse stratified rocks, their po- 
sitions with respect to the general plane of strati- 
fication is equally various. They frequently in- 
tersect it at some angle, so as to pass through 
many successive strata. Occasionally, they are 
parallel, for a greater or less space, to the plane of 
stratification, and thus lie between any two strata 
in a parallel manner. Sometimes the same vein 
possesses both characters ; intersecting inone place 
those strata to which it is parallel in another. . 

In such cases, it becomes sometimes difficult 
to distinguish between a vein and a stratum ; and, 
as the distinction is important, it is necessary to 
state the circumstances by which it may be made. 
I'hey resemble those by which pseudo-strata are 
distinguished from real strata. 

V'eins, although in any one place parallel to 

I 2 
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the stiatiflcalion which they accompany, rardy 
maintain that position for any conlfcerable space. 
In some part of their course they will be found to 
becouie oblique, so as to touch more than one 
stratum of a series ; or to intersect it at a consi- 
derable angle, or to detach ramifyingveins through 
it. These are the cases in which the accompa- 
nying strata are so fretpiently hent, contorted, and 
fractured ; often to such a degree as to be mixed 
in a confused manner with the veins. Fracture 
and confusion of the neighbouring strata, thus 
also become criteria by which a vein may he dis- 
tinguished from a stratum. 

In cases of this nature, veins of a simple rock 
sometimes contain imbedded fragments of the 
strata which they traveme. Such fragments are 
sometimes unaltered ; at others, they are much 
changed in aspect, and graduate into the matter 
of the vein. 

Veins, like pseudo-strata, are limited to the 
rocks of the overlying family, or to the traps, sy- 
enites, and porphyries, and to granite; and, as in 
that case, it is here presumed, on grounds of 
which the reasons cannot be stated here, that all 



tire apparent strata formed of these substances are, 
in fact, veins.* If this rule be true, the nature of 
the rock is the easiest criterion, and will always 
be sufficient for the purposes of distinction. 

It must be recollected, that veins of quartz and 
of calcareous spar, are excepted from the general 
rules that apply to rock veins. I’hey form how- 
ever a distinct class of mineral veins, highly inte- 
resting to the geologist from their frequency. 

They are seldom of very large size, although 
quartz veins occasionally attain a considerable di- 
mension. They are seldom tabular, or continu- 
ously laminar for a long space; but are more 
generally ramose, and more or less largely fila- 
mentous. They intersect each other frequently, 
and are often, at the same time, shifted. 

There are some rare instances iu which strata, 
and that most frequently when they are in contact 
with the overlying rocks, are minutely divided, 
extenuated, and contorted, so as to put on the ap- 
pearance of veins, on a superficial observation. 
Such false veins even present occasional appear- 
ances of ramification. They are most frequent in 
the argillaceous schists ; but they also occur in mica- 
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ceous schist, and in sandstone. They are dis- 
tinguished from the rock veins above described, 
by their nature, by their connections, and by the 
limited extent of their connections. 

Rock veins can often be traced to some irre- 
gular mass. In other cases, it i.s impossible to 
discover these connections, from the difficult or 
incumbered nature of the surface. It is presumed 
nevertheless, that they are in every instance thus 
connected ; as no unquestionable example of an 
independent ajid insulated rock vein has yet been 
discovered. 

The veins which have been called contempora- 
neous, are enumerated among the varieties of in- 
ternal structure. 

Conglomerate veins appertain more nearly to 
the class of mineral veins, and do not find a place 
in this division of the subject. One or two ex- 
ceptions, it is true, have occurred, of conglomerate 
veins not appertaining to that class ; but they are 
considered in another part of this arrangement. 
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CHAP. VIII. 


«N TIIR INTEKNAI. STRUCTURE OF ROCKS. 


The following modifications include the different 
varieties of structure that are found in rocks. 

Laminar: Including the foliated and the 
■schistose. 

This term requires no further explanatipn ; 
except to remark that, although it may in some 
cases coincide with the stratified disposition, it 
possesses no necessary connection with that. It 
occurs under three modifications, which may be 
conveniently distinguished into the lamellar, the 
Ibliated, and the schistose. 

In the lamellar modification of this structure, 
a rock is found to divide with more or less faci-* 
lity, either by the application of force, or from the 
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action of the weather, into plates, which are rarely 
continuous, as in the schistose structurcj and still 
more rarely admit of subsequent division. 

The lamellm are either straig'ht, or curved in 
one or more diifections, or contorted. 

They vary in dimensions, from the thickness 
of many yards down to an inch, and even to that 
of paper. There are thus a large and a small la- 
mellar structure ; and the former may be identi- 
cal with the bedded or pseudo-stratitied disposi- 
tion, as already remarked. 

They are sometimes persistent for a consider- 
able space ; and, at othera, are very limited ; being 
divided at short intervals by joints. In such cases, 
they assume prismatic, and even cuboidal forms, 
so as to become confounded with those of the pris- 
matic structure. 

The lamellar is thus sometimes united to the 
prismatic structure, by the latter being’ an acci- 
dent of the former. In other cases, they are com- 
bined in another manner, in consequence of a la- 
minar structure of the prisms ; as is pointed out 
under another title. 

It is also occasionally united to the spheroidal 
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f^tructure, both on the small and large scale ; as in 
granite, trap, pitchstone, and certain limestones ; 
but these are more particularly mentioned in other 
places. 

The lamellar structure is somletimes detected 
by modifications of colour, even when the la- 
inellfe cannot be separatetl. It is also discovered 
in some cases by the action of the weather, even 
Avhen that does not produce the effect of separat- 
ing the plates ; the edge of one lamella yielding 
more readily to its impression than another. This 
occurs in the sandstone of StrathainI in Sky. , 

A lamellar structure may however be indicated 
by the action of the weather, when it has in fact no 
existence. This happens in granite, w here masses 
of this rock of artificial forms, are found to exfo- 
liate in solid crusts. 

Examples of the lamellar structure on the large 
scale, are found in granite ; on a small, in the 
rocks of the trap family. In this case it has been 
called, with some inconvenience, schistose. 

The small lamellar structure occurs in pitch- 
stone ; and the contorted, both in that rock and 
in basalts. 
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This structure is not limited to masses, but 
occurs also in veins. 

‘The foliated structure is the result of a pecu- 
liar dispositi^i^f parts, and occurs in mixed rocks 
only ; while the former is equally found in the 
simple. It consists, rather in a tendency to split 
into parallel laminae, or in an appearance of pa- 
rallelism in the disposition of the integrant mine- 
rals, than in the property of actually splitting. 
But, as it passes into the schistose structure, no 
positive- limit between these two forms can be as- 
signed. The distinction is nevertheless conve- 
nient in practice ; and is visible in gneiss, to which 
the foliated structure is nearly limited. 

In the foliated structure, the splitting, when it 
takes place, seldom produces a continuous or even 
lamina. When it does, the structure must gene- 
rally be considered schistose. 

The lamina is more frequently uneven and ir- 
regular than smooth, is deficient in parallelism, 
and is, not unfrequently, curved. 

The foliated is often combined with a very 
uneven granular structure. 
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Whether the foliated rock admits of being di • 
vi4ed or not, it often exhibits marks of curvature, 
on a great and on a small scale; sometimes 
amounting to contortions. 

The schistose structure is distinguished by the 
facility with which the rock splits into laminse by 
mechanical force. A schistose rock rarely, if 
ever, extol iates by the mere action of the weather. 

In some cases, the schistose structure is found 
in a simple rock, as in fine argillaceous schist, 
(clay slate). In these, it appears at times to be 
the result of mechanical deposition ; being paral- 
lel to the stratification : at others, being oblique 
to that, it seems to arise from a concretionary ar- 
rangement of the particles, analogous to that by 
which the spheroidal forms are produced. 

In other cases, the schistose structure exists in 
aggregate rocks, even of a very coarse texture, or 
containing large nodules ; and, in those, it appears 
to be dependent on the simple rock which forms 
the basis of such mixed masses. Coarse gray- 
wackcs and conglomerates, present examples of 
this occurrence. 



Lastly, the schistose structure sometimes re- 
sults from the laminar alternation of two distinct 
substances, one of which is more yielding than 
the other. This is found in some limestones, 
but it may be considered as a variety of the 
lamellar modification. 

The thickness of the laminae produced by the 
schistose structure is various; it seldom, how- 
ever, exceeds one, and rarely descends to the 
twentieth of an inch. 

The laminar continuity is equally various. 
It may extend to twenty feet, and is often limited 
to a few inches, or even less. 

In these cases, the schists sometimes termi- 
nate by extenuation ; at others, in consequence 
of transverse joints. I'hese joints are frequently 
so placed, and so straight, hs to divide the lami- 
nae into prismatic masses of different forms. 
They af^ much more frerjuently oblique than 
vertical to the laminar plane, and are often mu- 
tually parallel. 

The laminae, or schists, are sometimes even ; 
at othere uneven, rough, or tubercular. 

They are generally straight, occasionally 
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luidulated on a small scale, or curved on a 
large. 

The schistose and the fibrous structures are 
sometimes united, 

. The schistose structure exists ^nly in strata. 
Organic remains are often united to it; or they 
are imbedded in the schistose rocks. 

Fibrous. 

This structure is not common, and occurs 
only in argillaceous schist and in limestone. In 
the latter case, it might perhaps rather be con- 
sidered as the result of crystallization, and as 
claiming a place with the varieties of texture. 

It is sometimes simply parallel ; being more 
or less distinct and straight, or curved. 

The fibres sometimes assume a sort of mmi- 
fied appearance. 

Spheroidal. 

Under this general term, are comprised all 
the varieties of concretionary structure, which 
are neither fibrous, prismatic, nor laminar. 

Tiie forms of such concretions are therefore 
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various. They are sometimes neaurly or abso- 
lutely spherical; in which case they touch by 
points only, and the intervals are filled by the 
same, or by another substance. Examples of 
this are to faWound in some siliceous schists and 
in ^rae limestones. 

In other cases, compressing each other, 
they become oblate, or indented, or assume va- 
rious irregular shapes : and they thus sometimes 
form a mass which presents an aspect as much 
granular as it is concretionary. Some of the 
shales which are found in contact with trap rocks, 
present examples of this peculiar structure, and 
they are found, very conspicuously, in the Shiant 
isles. 

Such concretions further possess at times a 
distinct lamellar, or a radiated structure ; and, 
in one rock (pearlstoue), they sometimes con- 
tain a (^Hhtral particle of another substance. 

Rocks of this structure often acquire a bo- 
tryoidal surface after exposure to the weather ; 
an4, in some instance, this concretionary ar- 
rangement is so concealed in the apparently uni- 
form fracture of the rock, that it is only distin- 
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gitisliable under these circumstances. Arran, 
and many other places in the Western isles, |M*e- 
sent examples of this occurrence, in the siliceous 
schists. 

In the cases to which the prece^ng remarks 
apply, the general structure of the rock is con- 
cretionary throughout. The concretions are also 
of limited size, varying from that of poppy seed 
to the diameter of an inch. 

In other instances, the concretionary structure 
is confined to particular parts of a rock ; or insu- 
lated concretions are imbedded in an uniform mass. 

Such concretions are commonly of large size, 
and generally in the form of obate spheroids. In 
some rare instances, they are attached in paii*s by 
a cylindrical stem ; as in the limestone and sand-* 
stone of Rasay and Sky. 

In others, they are cracked on the surface into 

; ‘t''. 

polygonal forms, which are, consequently^ frusta 
of pyramids. Of this, the sandstone of Eg^ pre- 
sents examples. 

Where the spheroidal form results from the 
desquauiation of a prism, it is noticed under the 
following head. 
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Prismatic. 

In this division are included the common 

-.C; 

prismatic, and the more remarkable columnar 
structures. 

The cora^ton prismatic structure is exempli- 
fied in granite, and is rarely found except on the 
large scale. It appears to be a modification of 
the large lamellar structure ; a lamella being sub- 
divided by joints, which, in this case, are at right 
angles to it. Hence the forms are sometimes 
nearly cubical ; in other cases, they are quadrila- 
teral prisms ; rarely presenting a greater or a less 
number of sides. 

The prisms are fre(|uently rounded at the an- 
gles, so as to appear the consequences of a sphe- 
roidal concretionary structure; but this seems^ 
almost always to be the effect of wear, or of par- 
tial decomposition. 

In ^^e cases, this wear proceeds gradually 
from the circumference; in others, the prisms 
desquamate in crusts ; thus giving indications of 
a lamellar structure united to the prismatic. For 
the reasons already stated in treating of the lamel- 
lar structure, it must remain doubtful whether 
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tliat desquamation is any proof of its existence ia 
this instance more than in that one. 

Either in the case of simple rounding, or of 
desquamation, the cuboidal, or ^ismatic forin, 
becomes ultimately spheroidal; for mechanical 
reasons sufficiently obvious. But as instances 
also occur where a simple prism exhibits more 
than one desquamating centre, it is undoubted 
that, in some cases at least, there is a lamellar con- 
cretionary structure united to the prismatic. 

In the columnar structure, as the term im- 
plies, the pi'isms generally possess a considerable 
length in proportion to their breadth, and they 
are not limited to the quadrilateral form. In a 
few instances, from the extreme shortness of the 
prisms, the columnar passes to a tabular, or a 
lamellar and jointed structure ; but the two are 
united under this head, in consequence of their 
general resemblance, and of the undefinable line 
by which they are separated. Where the 
columnar structure is on a very large scale, it 
might be supposed to belong to that division 
which is included under the term of external 

K 
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configuration ; but, in reality, it is properly 
placed here. 

The columnar structure is invariably aggre- 
gated. No instance, that 1 know of, has yet oc- 
curred, of a single column, as there are of single 
spheroids, included in an amorphous mass. 
Pitchstone scarcely offers an exception ; as the 
small columns which it sometimes exhibits, are 
portions of lamella. 

As the prisms are often accumulated in a pa- 
rallel manner, of the same length, and for a con- 
siderable space, they unite to form a bed, or 
pseudo-stratum ; or else such a bed ajjpeai’s to be 
split into prisms, and that division generally takes 
place nearly at right angles to the leading j)lanes. 
But as such planes are not necessarily parallel, 
so, in a mass of prisms, the lengths of these con- 
cretion|t|rill be found to vary in different parts. 

Not unfrequently, the most regular columnar 
structure vanishes in the same continuous ttm»s«j 
and in a gradual manner. This takes place, 
either laterally, or in the direction of the axes. 

In a columnar mass, the axes may be vertical, 
or inclined to the horizon at any angle, or hori- 
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zontal ; and, in these cases, it is implied that the 
prisms are straight, as well as parallel to each 
other. 

The parallel position is not however necessary. 
In a collection of prisms, they hre sometimes 
found to radiate from some imaginary centre, or 
from more than one. In other cases, they are 
placed in various irregular Mays and entangled 
together. In some instances, such irregular 
prisms are found more gr less accumulated, or 
dispei’sed, and iulennixed m ilh the same rock in 
an amorphous state, 

^Vhen a collection of prisms is jiarallel and 
erect, m ith straight axes, and on a large scale, the 
well knoM'u etfect of architectural regularity is 
produ<*ed. 

The |)risms are not necessarily straight. At 
times they are slightly, at others, very i^uspicu- 
ouslj^ curved. Sometimes the same curvature 
affects a considerable associated number; or the 
prisms are then bent in a manner more or less 
parallel. In such examples, the general effect of' 
regularity is not destroyed. In other instances, 

K 2 
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the cumtures are variously opposed ; or the bent 
are intermingled with straight prisms. 

A columnar mass is sometimes formed of a 
collection of short prisms, placed in a manner 
more or less^rallel, but so that the extremities 
of some are in contact with the middle parts of 
others. In such cases they impress each other; 
and the effect of regularity in the structure of the 
mass, nearly disappears. A remarkable example 
of this occurs in the Scuir of I'gg. 

As the prismatic is united to the bedded, or 
pseudo-stratified form, so it occurs together with 
the spheroidal concretionary ; but, in the only in- 
stances yet known, the prisms are short and 
united with the amorphous mass. This circum- 
stance was noticed in treating of the spheroidal 
structm-e, and is found in the sandstone of Eire 

oo 

It also pccurs in Rum, in traj); the spheroid 
being of an enormous magnitude. 

The preceding remai ks on aggregated prisms, 
like many of the following, apply chiefly to the 
rocks of the overlying family, trap, syenite, and 
porphyry. They might have been mentioned 
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exclusively under that head ; but, to have omitted 
them in the present chapter, would have left this 
account of the forms and structures of rocks im- 
perfect. 

On the small scale, as in columnar ironstone, 
which is but a modification of shale, a collection 
of prisms is not only curved but sometimes mi- 
nutelj' undulated. 

The j»rismatic structure is not limited to beds, 
or masses, but occui-s also in veins. In this case 
the prisms are most commonly at right angles to 
the plane of the vein. But they have been also 
found to occur in a direction parallel to it, and 
either horizontally or vertically placed. 

The columnar structure is sometimes com- 
bined with the lamellar ; and the lamellae may 
either be parallel, or at right angles, to the axis 
of the prism. 

It is almost unnecessary to remark, that the 
prismatic does not exclude the minute kinds of 
structure, namely, the amygdaloidal and the 
porphyritic. 

In an aggregate of prisms, they are always 
found in contact, except in the case of an union 
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with the spheroidal structure already noticed ; 
when theyjare separated hy empty intervals, or 
by intervals filled uith auotlier substance. 

The contact is sometimes such as to admit of 
the ready sepSfation of the ])risnis ; at other times, 
there is a partial or more complete coalescence. 

The sizes of j)risms are various. 

In diameter, or thickness, I have not found 
examples exceeding 9 feet ; and, from that, they 
vary to one foot, or less; in columnar ironstone, 
(which, as a modification of shale, is here ranked 
with rocks) they are sometimes even less than the 
tenth of an inch, so that the mass becomes nearly 
fibrous. 

In length, they vary from one, even to 300 
feet, or much more ; but avIicu the length be- 
comes so considerable, it is difficult, for want of 
access, tfi’ determine truly whether the single 
prisms of a mass are continuous throughout. 

The forms are equally various, from three 
sided, upwards, even to twelve ; but figures of 
four, five, and six sides, are the most common. 
Such figures are by no means regular, unless in 
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a few accidental cases ; and every modification 
of form may be found aggregated in the same 
mass. Nor are the sides of the prfsins neces- 
sarily straight ; being sometimes convex, or 
concave. 

Prisms are sometimes continnons for a con- 
siderable length. At others, they are divided 
by obli«|ue or irregular joints. In many in- 
stances, the joints are at right angles to the 
axes, and occur at different intervals, from an 
inch to many yai’ds. When such joints possess 
an average general distance varying from one to 
three feet, a considerable appearance of artificial 
regxdarity follon s ; and it must be remarked, 
that the most perfect and numerous joints occur 
in the most I’egularly formed columns. They 
are in some cases, as already noticed, so frequent 
as to produce tabular prisms, not rettchiug to, 
or exceeding, an inch. 

In the joints, the surfaces in contact are 
sometimes uneven, at others flat, at others again, 
alternately concave and convex ; and either of 
these forms may be found in the lower portion. 
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In some remarkable examples of a lower concave 
surface, the angles of the inferior portion pro- 

J'', 

trade III a point which covers a corresponding 
deficiency in the upper. In others, ccpially re- 
markable, the, surface of a joint is marked by a 
channel parallel to its boundary and near the 
edge of the prism. The firet of these is exem- 
plified in the columnar traps, or basahs, the last 
in columnar ferriferous shale, or ironstone. 

In the smaller columnar structure, the prisms 
are sometimes longitudinally sti-iated ; and, in 
some instances, further distinguished by pro- 
tuberant rings, or inseparable joints. J'ixamj)les 
of this may be found in limestone, in jasper, 
and in argillaceous ironstone. 

In the act of decomposition, the portions of 
jointed prisms sometimes give indications of a 
lamellar structure, which, in the progress of 
desquamation, leaves a spheroidal nucleus ; each 
successive lamina becoming gradually more re- 
gulai'ly curved. This case is analogous to that 
which occui-s in the common prismatic struc- 
ture, already noticed, and admits of the same 
doubts as to its real , nature. 
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Veined. 

This peculiar disposition properly 

to appertain to the circumstance of internal 
structure in rocks. It comprises, not merely 
those appearances which are taily to be dis- 
covered by the action of the weather, but 
many of those visible veins which do not pass 
out of one rock into another, and which consist 
of the same sulistances as the including mass, 
under some variety of aggregation. It thus 
includes some of the contemporaneous veins 
of geologists ; a term 'applied in so many w'aj^s 
as to be a source of considerable inconvenience. 

In some examples of this structure, a single 
vein is sometimes found traversing a mass ; or 
there are two, or more, either sej)arated, or 
interfering in some way. It is not unfrequent, 
in this case, to find the same peculiarity of aspect 
which distinguishes the vein, disposed, in some 
other place, in irregidar patches, and, conse- 
quently, in a kind of concretionary form. This 
occurrence is common in granite. 

The sizes of such veins vary from the 
breadth of a foot or more, to one of less than 



138 


an inch; and, in length, they are equally 
uncertain. 

They are sometimes distinguishable in the 
fresh rock, by difference of aggregation, or by 
differences in the proportions or sizes of the 
parts, occasionally accompanied by variations of 
colour. In other exain])les, their existence is 
only discovered aftei* the decomposition of the 
including rock ; uhen they remain tnivei’siug 
the mass of clay or other materials which have 
resulted from this cause. Indications of their 
existence are also given, even here a rock has 
not been disintegrated or decomposed ; their 
superior hardness causing them to protrude above 
the general surface. 

Tbej often, in this case, presetit a reticulated 
appearance ; indicating that the interior of the 
rock contains laininm crossing each other. 
Examples of this sti-ucture are common, both 
in granite, and in the sandstones. 

When such lamina; are numerous, the inter- 
vals form depressions or cavities ; and the venous 
then passes into a cancellated structure vrhich 
may be included with the following. 
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Cavernous. 

The cancellated structure, arising from the 
intersections of numerous laminae, passes into 
a decided disposition of a cavernous nature; 
the intervals hy which the cells are separated, 
no lonf*er l»eaiin;>‘ the appearance of veins. 
The small cavernous is distinct from this 
particulai’ structure, and generally accompanies 
the ainygflaloidal. 

The large cavernous, or cancellated struc- 
ture, like the veined, is scarcely to be ' dis- 
oovere<l but after the weathering of a rock, and 
it then becomes a|>parent on the surface. The 
cells vary much in size, in form, and in aggre- 
gatimi ; and hence a variety of appearances, 
examples of which are afforded in sandstones 
and limestones; as the merely veined is chiefly 
prevalent in the traps and in granite. 

The small cavernous structure actually exists 
in the rock so as to be always visible ; and it is 
more or less perfect ; as the cells are sometimes 
partly filled with some foreign substance. Iliey 
vary in number within a given space; being 
sometimes sparingly dispersed, at others crowded, 
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so as to produce a scoriform appearance. Such 
cells are of various sizes; but they do not 
often exceed half an inch in dimensions, 
and they are also of various forms, spheroidal 
or elongated. 

AMTGDALOIDAIi. 

The amygdaloidal structure may be under- 
stood from the preceding remarks ; the caverns 
being filled with a variety of foreign minei al sub- 
stances, which thus appear like imbedded nodules. 
These nodules vary in size, from a diameter of 
some inches down to that of poppy seed. I'he 
cavernous and amygdaloidal structures are often 
united in the same mass ; and both of these are 
limited to the rocks of the trap, or overlying, 
family, and to those of volcanic origin. 

Aggregate. 

- In this structure, fragments of various 
sizes are united into one mass, or the aggregate 
is composed of previous rocks broken and 
reunited. It concludes all the conglomerates 
and breccias of geologists; and must also be 
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conceived to comprise the sandstones, as the 
limits between these and the former are un- 
definable. In this latter case however, the 
appearances may equally be ranked under 
varieties of texture. 

In the ag-gregate structure, the parts may 
consist of one, or of more rocks, or of these 
intenmixed with quartz, or of quartz alone. 

These different substances are sometimes 
united without any apparent general inter- 
medium ; at others, a common base appears to 
pervade and cement the whole. 

The sizes of the fragments vary, from the 
finest sand to a diameter of many feet ; but they 
are generally limited to very moderate di- 
mensions. 

In the finer aggregate structures, an average 
general size commonly pervades all the parts ; 
in the larger, or coarser, fragments of all sizes 
are united in the same mass. 

In some examples, the parts are rounded, as 
if by previous attrition; often, also, bearing 
other marks of the action of air or water. In 
others, the fragments possess more or less of that 
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acuteness which would result from a recent 
fracture. (ieologists have sometimes distin- 
guished these varieties by the distinct terms, 
conglomerate and breccia ; the former also some- 
times by that of puddingstone ; but these terms 
not having been always used in tlie same con- 
stant sense, no advantage has arisen from them. 

In many examples of the aggregate structure, 
sharp and rounded fragments are united in the 
same mass. 

In certain cases, a rock is fractured, or di- 
vided, into parts so minute, by the intersection 
of veins of quartz, or of carbonat of lime, or of 
basalt, as to emulate the aggreg’ate structure. 

The two followijig modifications hold a sort 
of intermediate place between the accidents 
arranged under Structure and those included 
under the term Texture ; and they may Avith 
equal propriety, therefore, be considered in this 
division. 

Granular. 

The finer varieties of the aggregate structure 
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may also rank under this title, but it includes 
other appearances distinct from ag’gregation. 

In the granular structure, one, or more 
minerals may be engaged ; and the latter variety 
includes the compound rocks, in which the 
several minerals are distinguishable, and which 
are not noticed under other titles. 

I'he granular structure may, from its mi- 
nuteness, be united Avfth many of the preceding 
without destroying their chanieters ; and hence 
a rock maj- be granular, and at the same time 
foliated, or columnar, or spheroidal. 

In the strictly granular structure, grains of the 
same, or of diftereut minerals, are closely aggre- 
gated, as if by a simultaneous and confused crys- 
tallization ; and hence they influence or destroy 
each others regular forms. The magnitude of 
the parts is various, but generally limited ; rang- 
ing most comnioidy from the twentieth to the 
half of an inch. 

It is often difficult, in practice, to distinguish 
between an aggregate and a granular structure ; 
and, in these cases, the nature of the structure is 
presumed from that of the rock ; the true charac- 
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ter of a single example being determined by ex- 
perience respecting the predominant examples in 
that rock. 

As the crystals in the granular structure may 
sometimes possess a greater dimension in one 
direction than in another, a fi1>rous structure 
more or less perfect may result ; but this modifi- 
cation being rare, and less decided than the ordi- 
nary kind, is, apparently, with more propriety 
ranked under the head of texture. 

In the solitary case of graphic granite, the 
granular structure becomes imperfectly prismatic: 
but where nature has made no decided limits, it 
is impossible to preserve an artificial classification, 
like this, pure. 

The granular structure is also known by the 
name of the crystalline ; a convenient term, had 
it always been strictly limited. 

PoRPHYRITlC. 

In the rigid porphyritic structure, crystals of 
one mineral are imbedded in a continuous mass 
of another. But the term is also extended to 
eases in which crystals of two or more mineral* 



are so imbedded, or where crystals of one, or 
more, are imbedded in agranular, or a compound 
base. 

The crystals are commonly minute, not ex- 
ceeding the tenth of an inch in dimensions ; oc- 
casionally, they attain to the size of an inch or 
more. 

The porpbyritic structure varies in the num- 
ber of the imbedded crystals ; and becomes 
evanescent by the loss of their forms, or in con- 
sequence of being obscured by the granular na- 
ture of the base, or, lastly, by their entire disap- 
pearance. 

Like the granular, it may be united to any of 
the larger modifications of structure, or to the 
amygdaloidal. 
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CHAP. IX. 

ON Tirr, TEXTURE, FRACTURE, AND OTHER RE- 
MAINING GENERAL CHARACTERS OF ROCKS. 

rKXTlJRE. 

It lias been attempted to distinguisli between the 
structure and the texture of a rock, by arranging 
under the former term those modifications ip 
which the component parts are cither more or 
less distinctly separated, or are thus separable 
under peculiar circumstances. In the modifi- 
cations arranged under the head of texture, it 
must, on the contrary, be conceived, that the mass 
is continuous, but that it is so constituted as to 
presentanalogous ap[)earancesto the former ; these 
being generally, however, on a smaller scale, and 
consisting of parts that cannot be separated. The 
texture is thus an indication of an imperfected 
and minute structure. As it is scarcely dis- 



147 


ceriiible, except on a fi'acture, the accidents ar- 
ranged under it pass thus, on the one side, into 
those comprised under the term fracture, as they 
do, on the other hand, into those included under 
that of structure. The indefinite boundaries of the 
forms of nature do not easily permit greater ac- 
curacy of language and arrangement ; and there 
are caselpmoreover, in which the term texture is 
so convenient, as to make us unn illing’ to part 
with it ; independently of the claim which it has 
acquired from its use among Mineralogists. 

Guanular. 

The term here repeated under the head of 
texture, as Avell as that of structure, is sufficiently 
explicit; .and it is easy to understand how a sub- 
stance may be arranged in a granular manner, 
Avithout being absolutely formed of distinct parts, 
or admitting of being separated into grains. 

The gianular texture admits of being modified 
in various Avays. 

It may be arenaceous and, thus, distinct ; or 
else, flat and evanescent. It may be united to a 
crystalline, or to an earthy appearance. It may 

L 2 
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also vary in size. The most compact varieties of 
quartz rock, and some varieties of argillaceous 
schist, present examples of these textures. 

It may pass into an elongated crystalline, and 
distinct, or into a fibrous, or a scaly texture. It 
may also be intermixed with distinct examples of 
these. 

Bladed. 

This, or the flat prismatic texture, arises from 
the interlacement of prisms; and as it passes 
from the granular texture on the one hand, so it 
passes into the fibrous on the other. The modi- 
fications which it may present, are so analogous 
to those of the following division, that they do 
not stand in need of enumeration. It occurs in 
some hornblende and actinolite schists. 

Fibrous. 

This texture results from the condensed ag- 
gregation of minute irregular prisms. 

It may be more or less distinct, or it may con- 
sist of parts of various magnitude. 

The fibres are sometimes continuous for a 
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certain small space ; and, as they may be parallel, 
straight, or curved, or interlaced, or radiated in 
a manner more or less complete, many subordi- 
nate distinctions are the consequence. These 
have been denoted by certain technical terms; 
which seem scarcely w'anted, as the modifications 
are never such as to render it inconvenient to de- 
signate them by ordinary language. 

The appearance of a fibrous texture is some- 
times produced by the parallel position of minute- 
ly granular or scaly particles, of whicli the length 
is greater than the breadth, when no continuous 
fibres exist. This texture is sometimes combined 
with the scaly, or passes into it. 

Scaly. 

In the scaly texture, the scales may be con- 
siderably continuous, when it is easily confounded 
with a minutely lamellar structure. But, in the 
predominant instances, the continuity of any scale 
is soon interrupted, avid, in general, they are 
minute. 

In respect to position, they may be parallel, 
or confusedly intermixed. 



150 


They may also be more or less easily sepa- 
rated ; and, when very distinct, the scaly texture 
might with equal propriety be called a scaly 
structure. 

The most imperfect scaly texture passes into 
the flat granular ; and, it need scarcely be added, 
that several textures may be intermixetl. 

Compact. 

In the compact texture, no appearance of ob- 
scure integrant parts is to be seen ; or it may be 
considered to imply the absence of all the preced- 
ing modifications. The varieties of aspect which 
accompany the com[)act texture, appertain to the 
following division. 


IRACTURE. 

By the fracture of a rock is understood the 
appearance of a fresh surface after forcible sepa- 
ration. As this depends in a great measure on 
the texture, it is now easy to perceive how, in 
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certain cases, these terms are mutually conver- 
tible. It is not the less necessary to retain this 
distinction ; as there are som^ modifications of 
fracture where no proper differences of texture 
are perceptible. 

There are two distinct classes of fracture, the 
large and the small ; and it is the latter which is 
more especially connected with the texture of a 
rock. 

Even. 

In the even fracture, the surface is a plane of 
greater or less extent ; without, or with, a very 
slifflit degree of curvature. 

Uneven. 

When one plane surface is very limited, and 
succeeded by other planes variously inclined, the 
fracture becomes uneven, and the angles formed 
by the meetings of these planes, produce eleva- 
tions and depressions. It is obvious, that a frac- 
ture minutely uneven, with considerable eleva- 
tions and depressions, becomes granular, and 
may thus be ranked under the head of Texture. 
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CoNCHOIDAt. 

In the conchoidal fracture, one of the sepa- 
rated surfaces is Concave and the other convex. 
It is also not unusual for them to be marked by 
curved undulations more or less parallel, or, at 
least, respecting’, "with greater or less accuracy, 
one centre. 

The conchoidal fracture varies in the degree 
of curvature, or in the depth of the concavity. It 
also varies in extent, or in lateral dimensions. 
Under these several variations, it presents a great 
diversity of aspect. 

Occasionally, two distinct concavities occur ; 
the one of a smaller size and within the other. 

A succession of minute conchoidal fractures 
produces an undulating surface ; sometimes fur- 
tlier becoming splintery. 

The three preceding fractures may be united, 
or they may pass into each other iu various ways. 
They may also be united with one, or with more 
than one, of the smaller varieties that follow. 
The peculiar aspects sometimes found on the 
surfaces of these larger fractures, are mentioned 
under the subsequent heads. 
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Splintery. 

This fracture is constituted by minute wedge- 
formed scales, either straight or curved, and ad- 
hering by their thick ends to the mass. As the 
thin edge alone is visible, and as it is often trans- 
lucent, the -appearance is sometimes similar to 
that produced by mere scales. 

In the larger s|)lintery fracture, the scales are 
flat, or curved, and of considerable breadth in 
proportion to their thickness. This fracture oc- 
curs, especially, in union with the conchoidal. 

The smaller, when the splintera are very 
narrow, may he attended by a somew hat fibrous 
aspect ; when they are thick and short, it passes 
to the granular; and all these variations may be 
easily expressed by compounding the terms. 

Hackly. 

This variety of fracture is rare in rocks, and is 
characterized by the extreme asperity and sharp- 
ness of the protruding parts. The transverse 
fi’acture of loosely aggregated fibres or scales, 
produces a hackly fracture. It occurs in some of 
the schistose rocks. 
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It is unnecessary to do more than name the 
granular, fibrous, and scaly, fractures; as they 
must be already understood from the description 
of the several textures to which they belong, and 
with which they are almost synonymous. 


The remaining circumstances by which rocks 
are characterized are of a miscellaneous nature, 
and do not contain any material subordinate 
varieties. 


HARDNESS. 

The range of hardness in rocks extends from 
that of quartz to that of chalk. To describe the 
various intermediate degrees accurately, is im- 
possible, nor is it necessarj'. A sufficient notion 
of most of them may be conveyed, partly by com- 
parison with those two extremes, which must be 
well known to every one, and, partly, by stating 
the comparative facility with which su(ffi rocks 
yield to the point of a knife, or of other familiar 
objects. To give fire with steel, is an inaccurate 



155 


test of hardness ; as it depends in a great mea- 
sure on the form of the fragments, and, often 

also, occurs in rocks otherwise of very inferior 
♦ 

hardness ; arising, in this case, from the inter- 
mixture of quartz. 

FRANGIBILITY. 

The degree in which different rocks resist 
the effect of a blow, is infinitely various, and 
is independent of their hardness. Thus, lydian 
stone cannot endure the slightest blow with- 
out breaking ; whereas potstone is difficultly 
broken by any force. Fortunately no technical 
phraseology has been invented to express these 
variations, and they may be rendered intelligible 
by comparison with known objects, and by the 
use of common langueige. 

It must be recollected, in making such trials, 
that the power of a hammer in splitting a rock,- 
or in detaching a fragment, depends more on its 
impulse than its weight. 

It must also be recollected, that the frangi- 
bility of rocks varies in proportion to the water 
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they may contain ; and that, when fresh from 
the interior of a mass, they are often exceedingly 
brittle, but become tough after a few days of 
exposure to the air. 

LUSTRE. 

Under this term is necessarily comprised 
€ven the absence of all lustre. 

The highest degree of lustre found in rocks, 
is the plumbaginous ; which occurs in some ar- 
gillaceous schists : it is a term easily understood, 
from the familiar nature of the object of com- 
parison. Where tl»ere is an absence of all lustre, 
as in chalk, the appearance is called dull, or 
earthy. The intermediate degrees, as far as it 
is necessary to discriminate them, are not very 
numerous ; although, from passing into each 
other, they are not very definite. As the techni- 
cal terms commonly used for this purpose are 
unintelligible without the examples, it seems more 
convenient to use the examples themselves in 
the place of terms, or to use adjective denomina- 
tions derived from these. The degrees of lustre 
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which may be defined in this way, and lyhich 
seem sufficient for use, are, the plumbaginous, 
the silky, the resinous, the vitreous, the flinty 
and the wax}'. The four first have been already 
used by mineralogists, and are easily understood 
from the very definite character of the well 
known objects from which they are derived. 
The lustre of common flint is inferior to that of 
glass, and is a convenient point of comparison 
for some rocks. The lustre of wax that has 
been melted, is still inferior, and occurs in many 
substances. When broken, it offers another con- 
venient object of comparison. Intermediate, or 
complicated kinds of lustre, are easily described 
by the joint use of some of these terms. 

It must be recollected, in estimating the 
lustre of rocks, that it is frequently complicated, 
or modified by the minute surfaces of the smaller 
varieties of fracture. 

TRANSPARENCY. 

In the strict sense of the word, this propert}' 
is not found in rocks, although it occurs in some 
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minerals. The thin edge of a splinter sometimes 
transmits light in a slight degree ; in which case 
it is called translucent. 

ACTION OF ACIDS. 

The extrication of carbonic acid from rocks, 
by the action of dilute nitrous or muriatic acid, 
and the greater or less facility with which it is 
extricated, sometimes offer convenient methods 
of discriminating certain varieties of limestone. 

SPECIFIC GRAVITY. 

The specific gravity of rocks must be ascer- 
tained in the usual manner, and ought to be 
stated in describing a rock, where the weight is 
to be mentioned ; as vague comparative terms 
convey no ideas on this subject. This character 
is, however, of little use in the discrimination of 
rocks. 


COLOUR. 

In concluding this catalogue of the obvious 
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characters by which rocks may be distinguished, 
it is necessary to bestow a few words on that of 
colour, since it has often been made a ground of 
distinction. It is, however, generally an em- 
pirical, and, frequently, a fallacious criterion of 
the nature of a rock. In the case of mixed 
rocks, it sometimes facilitates the investigation of 
the diffei-ent substances which enter into the 
composition ; but, being subject to vary, it fre- 
quently deceives, by its changes or its absence, 
those who have been accustomed to rely on it. 
In some instances, it appeal’s to have misled 
many observers respecting the true nature of a 
rock, so as to have produced much confusion ; 
its obvious nature encouraging a careless mode 
of examination, and taking off the attention 
from the more obscure, but more essential cir- 
cumstances, in which the distinction consists. 
The differeut substances ranged under the term 
basalt, and the occjtsional confounding of the 
primary and secondary sandstones, in conse- 
quen(;e of the red colour of both, will illustrate 
this lathir remark. Gneiss, will illustrate the 
former ; being often confounded with micaceous 
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schist, when the felspar is white so as to be mis- 
taken for quartz. 

Circumstances which have neither consitancy 
nor precision, can have no value as distinctive 
characters. The colours of rocks, therefore, 
must only be considered as adventitious and 
variable features. But, as constituting a portion 
df the natural history of these substances, and 
being often very conspicuous and ornamental, 
they deserve attention. This is more pailicu- 
larly the case where, as in marble, rocks are 
used for the purposes of ornament, and where 
the very species (in an oeconomical sense) are con- 
stituted by modifications of colour. 

Hence, in the following catalogue of rocks, 
the colours are enumerated among those inferior 
distinctions which do not aspire even to tlie 
rank of varieties. But as language has no terms 
by which to convey ideas of the innumerable 
tints by which the pure colours are modified, 
this enumeration has been made in the most 
general manner ; and, it may be added, with 
very little anxiety to render it complete. It is 



no small addition to the evils of a cumbrous 
technology of colouring, that its inefficacy is 
equal to its deformity. 

Except in a few instances, as in the jaspers, 
the limestones, and serpentine, the colours of 
rocks are rarely pure, or decided. The effect of 
brilliancy, where it exists, is more commonly the 
result of gradation or contrast. Broken tints 
prevail ; and, among them, the endless modifica- 
tions of grey are the most abundant. 

It is almost unnecessary to remark, that dif- 
ferent colours are frequently intermixed in rocks ; 
that appearance sometimes occurring in a homo- 
geneous substance ; at others, depending on the 
different tints of several substances variously 
united into one mass. 

In the greater number of rocks, the colours, 
under all their variations, have been found to 
result from the presence of iron in different con- 
ditions. 



CHAP. X. 


UEMARKS ON THE COMPOSITION OF ROCKS, 
WITH A CATALOGUE OF THE SIMPLE MINE- 
RALS OF WHICH TIIEV ARE COMPOSED. 


It has already been remarked, that the know- 
ledge of minerals in their simple shite, is an in- 
dispensible requisite in the investigation of rocks. 
It is also necessary that this knowledge should 
not be limited to mere experience respecting the 
aspect of such minerals in their most simple 
and perfect forms. The student must be able 
to recognize them by their essential characters, 
even when under their most irregular modifica- 
tions ; often, when very minute, or when inter- 
mixed and confounded with others, or when 
obscured by unexperienced variations of colour. 

It is true that tlie number of minerals enter- 
ing into the composition of rocks, is so small, 
that a very limited acquaintance with the cata- 



logue lYOuld answer his purposes ; were it pos- 
sible for him to acquire that accurate knowledge 
of a few, without a familiarity with,those general 
principles of distinction which would equally 
enable him to master the whole of his subject. 
To prove the necessity of this knowledge, it is 
sufficient to point out Augit rock and Hypers- 
thene rock ; hitherto confounded with Green- 
stones, for want of attention to those characters 
by which the minerals whence they derive their 
names are distinguished from Hornblende. 
Even now, when the existence of these rocks has 
been ascertained, the student has no means of 
recognizing them except by the distinctive cha- 
racters of the two minerals in question. In 
evofy case of mixed rocks, indeed, he must have 
recourse to his mineralogical knowledge ; it, 
is only by an enumeration of the ingredients 
that it is possible to describe them. 

Mineralogists have sometimes divided rocks 
into two great classes ; the simple and the com- 
pound. According to the geological principles 
cm which the present arrangement is founded, 
such a distinction is seldom applicable, as already 
shown, to any purpose but that of denoting 
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varieties. Even there, its use is very limited ? 
as, in a very short space, or in a mass of very 
in considerable extent, the structure may be botb 
simple and compound. It thus becomes inca- 
pable of being applied even to the specimens 
in a cabinet ; much less is it fitted ^to form the 
basis of an arrangement. 

There are however a few pocks, such as lime- 
stone, characterized by an absolute simplicity of 
composition, or consisting of one acknowledged 
mineral species. Others, like clay slate, present 
a comparative degree of simplicity ; possessing 
an uniform composition, and having been 
ranked, although not very properly, among 
mineral species. The frequent deviations of 
these from the simple standard, serves to prove 
that the integrant earths are rather in a state of 
mixture than in that combination which is pro- 
bably essential to a mineral species. If Mine- 
ralogists have frequently enumerated such rocks 
in their catalogues of minerals, the practice, 
though inaccurate, is attended with some con- 
venience ; as, in such a case, it is preferable to 
err by excess than by defect. That enumeration 
has, however, in some instances, been unwarrant- 
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ably extended to rocks obviously compounded, 
■such as bituminous limestone, shale, and ehlorite 
schist. In here enumerating, for the purpose of 
the following catalogue, the minerals which 
enter, singly dr jointly, into the composition 
of rocks, these most obviously compounded sub- 
stances have been omitted ; but the list is -ex- 
tended to those which present, at least, the 
appearance of simplicity. 

In file catalogue of varieties which aceom- 
'panies each principal rock in the Synop^, it 
has been attempted, as already indicated, to se- 
parate those of which the characters are most 
constant, from those which seem the most purely 
accidental, and which derive their peculiarities 
from containing imbedded minerals that ^are 
foreign to the prevailing composition of the 
species. If this distinction cannot be rendered 
veiy precise or certain, it is nevertheless con- 
venient ; and, in the far greater number of in- 
stances, well founded. In the catalogue of the 
component minerals which here follovrs, the dif> 
ferent substances are, in the same way, separated 
into two divisions ; the one containing those that 
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seem properly to beloQgf to the composition of 
rocks, and the other comprising those which 
appear to be merely incidental. Such mineral 
substances must, in these cases, be considered as 
being accidentally accumulated in particular 
places in those rocks which are their natural 
repositories. 


Catalogue of the Minerals which enter into the 
Composition of Rocks. 

INDURATED CLAY. 

This is a substance of great importance in 
the composition of rocks ; forming the m hole of 
some, and a principal portion of many others. 
The chief variations which it presents are in 
the degree of induration, and in the massive or 
schistose nature of its structure. It is here un- 
derstood to comprise the softest substances found 
in the rocks of the trap family, and the hardest, 
which constitutes jasper and siliceous schist. 

CLINKSTONE. 

This substance forms simple rocks, and is 
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also an ingredient in some of the compounds of 
the family of overlying rocks, to which it appears 
to be limited. 


COMPACT FBIiSPAR. 

This mineral, not always very strongly dis- 
tinguished from the former, is found in a similar 
manner ; either simple, or entering into a great 
number of veiy important and extensive com- 
pound rocks. It probably possesses some variety 
of composition which has not yet been ascer- 
tained. It is further certain that it differs from 
crystallized, or common felspar, in its chonical 
nature ; the specimens hitherto examined having 
been found to contain soda together with potash, 
when common felspar contains potash alone. 
It is a subject yet deserving the attention of 
chemists, to enquire whether, instead of these 
alkalies, lithion may not enter into the compo- 
sition of some of the minerals in question. 
Whenever the true nature of compact felspar 
shall be decidedly ascertained, it would conduce 
to perspicuity if it were distinguished by some 
other tide. 
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QUARTZ. 

This well known mineral is by far the most 
important in the composition of rocks ; entering 
into a greater number than any other, and form- 
ing a considerable proportion of most of those in 
which it is an ingredient. 

FELSPAR. 

Two varieties of felspar, the common and 
the glassy, are found in many of the compound 
rocks ; but the former in much greater abun- 
dance than the latter. An opaque kind, which 
sometimes also occurs, appears to have been thus 
changed by an incipient decomposition. 

CARBONAT OF LIME. 

This substance, sometimes pure, but more 
commonly in a state of intimate mixture with 
other earths, is so w'ell known as the basis of 
limestone that it requires no particular notice. 
It is very rarely found entering, as an ingredient, 
into mixed rocks. 

MICA 

‘ ‘ 

Forms an important and conspicuous ingre- 
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dient in a large class of compound rocks, chiefly 
belonging to the primary division. 

CHLORITE, (foliated). 

This is less common, and is found under 
similar circumstances. 

TALC 

Must be considered as a rare ingredient, and 
is limited to a very few rocks. 

HORNBLENDE. 

Hornblende, either simple, or in a state of 
mixture with other minerals, is among the most 
conspicuous ingredients of rocks. 

ACTINOLITE. 

This mineral, so nearly allied to the preced- 
ing, is found in some of the same situations, but 
must be considered as a rare ingredient. 

AHGIT. HYPERSTHENE. DIALLAGE. 

TOURMALIN.- 

These minerals are limited to some peculiar 
rocks, and the three latter, in particular, must be 
conddered rare. 
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SEKPENTIIVE. 

Mineralogical writers have enumerated this 
in their catalogues of ihinerals, but it is only 
known as forming simple mass^ of rock. It 
does not enter into mixed rocks unless with 
limestone: supposing the conglomerates to be ex- 
cluded from this term. 

STEATITE 

Is not a common ingredient, and is nearly 
limited to serpentine and limestone. In granite 
it rather seems accidental than essential. 

NOBLE SERPENTINE 

Occurs in similar situations with the former ; 
to which it is very nearly allied. 

GYPSUM. 

ITiis is found only in Gypsum, which has been 
here enumerated among the rocks. 

IRON. 

This metal deserves to be enumerated among 
the constituents of rocks, on account of the quan- 
tity in which it sometimes enters into their com- 
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position, and the effects \^hich it produces in 
modifyings their characters. It appears to exist 
in at least four distinct assignable states, that of 
the peroxide, the protoxide, the carbonat, and 
that combination of the carbonat with water which 
forms rust. 


BITUMEN. 

This must also be considered as a constituent 
of some rocks, from the remarkable character 
which it communicates where it is found. 

pitchstone 

Is only found in the rocks of the same name. 

CHERT. 

This also occurs only in the rock which is 
here designated by the same term. The Hom- 
stone of many authors is compact felspar. 
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i^talogue of the minerals which are occasionally 
imbedded in rocks, so as sometimes to modify 
the characters of the mixtures in which they 


are found. 


Garnet, 

Chrysoberyl. 

Olivin, 

Fluor spar. 

Cyanite, 

Corundum. 

Finite. 

Oxydulous iron. 

Spodumene. 

Pyrites. 

Chiastolite. 

Chromat of Iron 

Staurotide. 

Prehnite. 

Epidote. 

Andalusite* 

Mesotype. 

Apatite. 

Zircon. 

Sphene. 

Topaz. 

Oxyde of Tin. 

Beryl. 

Molybdena. 


In this list, and in each division, the mitterals 
placed towards the end, become gradually so rare, 
that they can scarcely be said to modify the aspect 
of the rocks, as those do which are found at the 
beginning. Besides these, many other minerals 
also, are found in rocks ; generally very sparingly 
dispersed, and sometimes occupying short veins 
rather than imbedded in the general composition. 
It appeared preferable to enumerate these under 



the titles of the several rocks which are their na* 
tural repositories ; as this catalogue might other- 
wise have been so extended as to comprise the 
greater number of mineral substances. Those 
also which form amygdaloidal nodules, will be 
found more conveniently enumerated in their ap- 
propriate places. 
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CHAP. XL 


ENUMERATION OF THE SEVERAL ROCKS, AK* 
RANGED UNDER THE DIFFERENT MINERALS 
WHICH ENTER INTO THEIR COMPOSITION. 


In this chapter, the several minerals enume^ted 
in the preceding, as essential to the composition 
of rocks, are introduced, for the purpose of ar- 
iRnging under them all the rocks in which such 
minerals are severally found. 

This enumeration will assist the student in 
discovering the place of any rock of which the 
name is unknown to him. It being already pre- 
sumed that he is able to distinguish the com- 
ponent minerals, his researches among the fami- 
lies of rocks will thus be limited within certain 
bounds ; as, the presence of any one simple sub- 
stance in a specimen, will direct him to those in 
which alone it e.xist8. 
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INDURATED CLAY. 

In Clayston|%: not schistose. Argillaceous schists. 

Some Porphyry and Amyg- Shales. 

daloid. Limestones: in both 

Basalt (of some) : when dark classes, 

and hard. 


CLINKSTONE. 

As a simple rock: also porphyritic and amygdaloidal. 


COMPACT FELSPAR. 


Simple, both in tlie primary and secondary classes. 


In Gneiss. 
Porphyries. 
Amy gdal Olds. 
Syenites. 


In Greenstones. 

Augit rock. 
Hypersthene rock. 
Granite: rarely. 


QUARTZ. 


In Quartz rock. 
Granite. 

Gneiss. 

Micaceous schist. 
Chlorite schist. 
Talcose schist. 


In Argillaceous schist. 
Sandstones, in both 
classes. 

Porphyries. 

Syenites and Green- 
stones: rarely. 


FELSPAR. 

In Granite. In Hornblende schist. 

Gneiss. Actinolite schist. 

Chlorite schist. Quartz rock. 
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In Primary sandstone. ; Iii ^enites. 

Lowest (red) sandstone : Porphyries. 

rarely. Porphyrijf^^pitchstone. 

Greenstones. 


CARBONAT OF LIME. 

In Limestones : in both In Sandstones ; in both 
classes. classes. 

Micaceous schist and Amygdaloids : 

gneiss: rarely. imbedded. 


MICA. 


In Granite. 

Gneiss. 

Micaceous schist. 
Quartz rock. 
Sandstones : 

occasionally. 
Shale: occasionally. 


In Limestone, primary ; . 
rarely. ^ 

Clay stones and Green- 
stones: rarely. 
Syenite : rarely. 
Porphyries. 


CHLORITE (FOLIATED. 


In the Chlorite schists. 
Gneiss ; some anomalous 
varieties. 

Granite : in the same cir- 
cumstances. 


In some aetinolite 
schists. 

In some argillaceous- 
schists. 


TALC. 

In Talcose schist. lu Serpentiiier 

Primary limestone : Granite : rarely, 

rarely. 
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HORNBLENDE. 


Ill Granite. 

Gneiss.. 

HornbleiSHe schist. 
Micaceous schist; rarely. 
Argillaceous • schi.st; 
rarely. 

Primary Limestone ; 
rarely. 


In Serpentine; rarely. 
Syenite. 

Greenstone. 

Basalt. 

Porphyries. 

Chlorite and actinolite 
schists ; some va- 
rieties. 


ACTINOLITE. 

In Actinolite schist. In Gneiss and granite : rarely. 


AUGIT. 

In Augitrock. Some varieties of Syenite, 


UYPERSTIIENE. 

Ill Hypersthene rock. 

DIALLAGE. 

In Serpentine. In Diallage rock and Smaragdite rock* 


TOURMALIN: AND SCHORL. 

In Schorl rock (Granite ?) In Micaceous schist and 

Gneiss : rarely. 

serpentine: common and noble. 

In Serpentine. In some limestones. 


N 
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STEATITE. 

. In Serpentine. In Limestone. 

Granite ; rarely. 

BITUMEN. 

In Shale. In Marie slate. 

Limestone : primary and 
secondary. 


PlTCllSTONE. 

In Pitclistone ; pearlstone ; porphyritic pitchstone. 

ClIEllT. 

In Chert: only. 

It is obvious, that as the conglomerates par- 
take of the different natures of the rocks of which 
they are formed, their constituent parts must be 
separately investigated. 
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CJIAP. XIl. 

AUMAKKS ON Tin; ASSOCIATIONS AND TRANSI- 
TIONS WHICH OCCLR IN NATURE BETWEEN 
SEVERAE DIFFERENT SPECIES, OB FAMILIES, 
OF ROCKS. 

Before proceeding to d<‘scril*e the general 
characters of the families of rocks, which is the 
subject of the ensuing cliapter, it is necessary to 
call the reader’s attention to a circumstance 
which is a fre(|ueut source of uncertainty in 
attempting to assign the names to the individuals, 
or varieties, ranked under them. It has ecjually 
been a source of difticnlly in arranging these in 
the several synopses, and has led to the inevitable 
repetition of many of them under different titles. 

The circumstance in question, is the tran- 
sition, which, in the mixed or compound rocks, 
in particular, so often occurs, not only between 
the several varieties of each family, but even be- 
tween the families themselves ; in consequence 
N 2 
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of ihe gradual variation of character, or else 
of the ultimate less of one, or more, of the in- 
gredients which constitute the distinctioffi The 
instance of gneiss, which, in losing its felspar, 
becomes micaceous schist, and of shale, which, 
by an increase of its hardness, )»ecomcs siliceous 
schist, will explain the nature of tliese transitions 
among the families of rocks. 

Where the transition is thus completed, as in 
these two instances, there is no longer any «liffi- 
culty ; as the specimen can be referred to its 
proper place. Ihit, in the gradual change of 
character w hich precedes the perfect ti’ansition, 
it becomes often impossible to determine where 
such a rock should be placed ; unless w hen de- 
cided geological evidence can be obtained, to 
confirm that which remained doubtful from its 
mineral characters. 

This difficulty, however, is a part of the very 
nature of the subject ; since no arrangement 
can pretend to define and separate' those objects 
which the hand of nature has neither defined nor 
separated. 
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As these Imnsitions thus constitute aji im- 
portant part of the natuml history, of rocks, and, 
more especially, of that branch of geological 
science to which the remarks in this Avork are 
limited, it will be useful to place in a brief 
and comprehensive statement, the several rocks 
among which they are most frequent, although 
these circumstances are necessarily noticed in the 
preliminary remarks to each family. I'he learner 
Avill thus the more readily know Avliere he may 
expect to tind these uncertainties, and cease to 
suspect his oavu Avaut of accuracy and discern- 
ment, u here neither care nor acuteness can avail 
him. 

It Avill^also be found, that this gradation of 
character among the families of rocks, occurs, 
especially, in those cases where a prevailing as- 
sociation, either of sequence or of alternation, 
exists among certain kinds, Avhether of stratified 
or unstratified substances. 

For this reason, it is also proper to give a 
general view of these prevailing associations : a 
view otherwise necessary, as these affinities also, 
constitute an interesting part of the natural his- 
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tory of rocks. That sketch must, however, be 
brief ; as an attempt to make it full, would en- 
croach on that w'hich is the more especial province 
of a system of geologj', and is partly rendered 
unnecessary by the remarks which precede the 
Synopsis of each family. 


Granite, as remarked in another place, is 
found in contact with all the primary strata ; 
and, in some of these c^ses, a gTa<lation of charac- 
ter is to be seen at the place of junction. 

In the instance of gneiss, so accurately re- 
sembling that rock in composition, this gradation 
is perfect ; and thus, the strata of gneiss are often, 
when in contact wdth granite, not to be distin- 
guished from it. 

Where granite is in contact with micaceous 
schist, this substance also often loses its character 
fora short space, by the acquisition of felspar : but 
as the resulting compound is gneiss, the transition, 
m this case, takes place through the medium of 
tbat rock. In this instance. Geologists have 
ofl^ imagined the whole series to consist of 



gneiss, when a more accurate examination would 
have discovered its true nature. 

In the contact of granite with quartz rock, the 
latter sometimes assumes a highly ’crystalline 
aspect ; and wliere the quartz rock contains fel- 
spar, it thus hecomes impossible to distinguish 
the two, or a perfect gradation of character is 
found. 

When granite is immediately followed by 
hornblende schist, it happens, in the same man- 
ner, that the character of the latter becomes more 
decidedly granitic: it may more properly, indeed, 
be said to become gneiss ; and, as the granite, in 
these cases, always contains hornblende, the same 
transition takes place here as in the contact of 
granite with other varieties of gneiss. 

The differences in the characters of granite 
and argillaceous schist are so great, that no real 
transition can exist between them. Yet, where 
they have been found in contact, it has been ob- 
served that the schist was intermingled both with 
quartz and with felspar, so ^ to lose its peculiar 
character and pass into a variety of gneiss enume- 
rated in the synopsis of that rock. 
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It is unnecessary to describe the transitions of 
granite into the porphyries, greenstones, and 
basalts of the secondary luistratified rocks; as 
these are the consetjuences of affinity, not of con- 
tact, and are fully detailed elsewhere. 


Among the stratified ro(;ks, one of the most 
prevailing associations is that of gneiss with horn- 
blende schist. Between these t«o substances, 
the gradation is so frequent, and often so perfect, 
that numerous examples are ])erpetually occur- 
ring, Avhich may, Avith e<pial propriety, be re- 
ferred to either. 

The association of gneiss Avith micaceous 
schist is also very trommon ; and in tins case, 
when the felspar, or the hornblende, of the for- 
mer, becomes very scanty', the rt»ck, although, in 
a rigid sense, still appertaining to gneiss, cannot, 
without great care, be distinguished from mica- 
ceous schist. 

In Scotland, at least, the association of gneiss 
and quartz rock is more common than the pre- 
ceding ; and the gradation here, is not only fre- 
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quent and perfect, but is effected with great faci- 
lity by the loss, either of the mica, or of the fel- 
spar, or of both. 

Of a gnirlation between gneiss and primary 
sandstone, the island of Sky affords a very per- 
fect example: and it is a highly interesting in- 
stance, as the latter is, in a great degree, a rock of 
a decidedly mechanical structure. I'he process 
by which the '■hange is effected, is the gradual 
substitution, fii’st of chlorite schist, and ultimately 
of mica, for the argillaceous schist which alter- 
nates w ith the layers of sandstone; which, at the 
same time, become grfidually thinner, more in- 
definite, and more ])erfectly cyslalline. The two 
rocks are, in other places, often associated in fre- 
quent alternation. 

The gra<lation above-mentioned, includes 
that of gneiss into chlorite schist ; which also 
occurs in other situations, producing interme- 
diate varieties that are enumerated in their proper 
places. 

A gradation between gneiss and argillaceous 
schist, is not uncommon in Scotland; and, as 
might be expected, this change takes place where 
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the two rocks are found, as is not uncommonj 
in alternation. The variety of gneiss thus pro- 
duced, is described in its proper place. 


Independently of the association which mica- 
ceous schist forms with gneiss, it is intermixed 
with, and passes, by similarly easy gradations, 
into the following rocks. 

With quartz rock it is so frequently associated, 
and in beds so thin, that the two cannot be dis- 
tinguished in tl ie general descriptions of a tract of 
.country. As the ingredients of one of the lead- 
ing varieties of quartz rock, are the same as those 
which constitute the essential character of mica- 
ceous schist, it requires only a change of propor- 
tion to convert the former into the latter, or the 
reverse; and that change is of such frequent oc- 
currence, as to produce endless exarnjdes where 
neither term is more applicable than the other. 

Where talcose schist occurs in union with 
micaceous schist, as it sometimes does, there is 
frequently an indefinite transition between the 
two ; the mica, either superseding the talc in the 
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compound, or else the one mineral passing into 
the other. 

The passage from micaceous schist to chlorite 
schist is effected with equal facility ; as the com 
■stituent minerals of both are so nearly allied : and 
that passage is no less common than is the associa- 
tion between these two rocks. 

It is more rare to observe transitions between 
micaceous and argillaceous schists, l et they 
occur in several parts of Scotland, both between 
the fine and the coarse varieties, respectively, of 
each rock. But the association in position be- 
tween the two, is much more frequent than the 
transition; as it is most usual for them to be 
separated by a definite boundary. 

Instances of a decided transition between 
micaceous schist and honiblende schist, are rare, 
when compared to those that have been described 
above. They occur in those cases where mica- 
ceous schist is found to contain hornblende ; and 
the two rocks ai’e not uiifrequently united in al- 
ternation, without any absolute transition. 
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Besides the common association of quartz 
rock above mentioned, it is frequently found 
alternating with the primary sandstone. The 
facility with which two rocks, so nearly allied, 
may pass into each other, is such as to render it 
-almost superfluous to say that the transition is of 
frequent occurrence. 

Although quartz rock is, in many of the 
Scottish isles, found alternating with argillaceous 
schist, the differences of character are so great, 
that a transition could scarcely be expected. Yet 
it takes place with great facility through the in- 
tervention of the coai'ser varieties of both rocks. 
The former first acquires fragments of schist, or 
else the quartz becomes intermixed with schistose 
clay, which, gradually predominating, that mine- 
ral is at length excluded. A minutely laminar 
intermixture of the two is also occasionally found, 
of such a nature as to constitute an imperfect 
transition. 
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Hornblende schist, independently of its tran- 
sitions formerly noticed, is also found, in some 
situations, to pass into clay slate, or fine argilla- 
ceous schist ; although I have not observed any 
instance of a decided alternation or association of 
distinct beds of those two rocks. In this case, 
the change from the hornblende into the schistose 
clay of slate, seems to be efi'ected very gradually, 
and with great facility. An example of this na- 
ture occurs in Rossshire. As a converse to this 
case, it may also be stated, that argillaceous schist 
sometimes becomes partial!}', but gradually also, 
converted into hornblende schist Avhen in the 
vicinity of granite or of the trap rocks. 

In some of the Western Isles of Scotland, 
there is an alternation between chlorite schist and 
hornblende schist, of a very remarkable nature, 
and accompanied, also, by other strata, such as 
quartz rock and micaceous schist. In some parts 
of this series, there is an imperfect gradation be- 
tween the two former rocks ; produced by an in- 
termixture of hornblende in the chlorite schist, 
at length predominating so far as to exclude it. 
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With respect to the argillaceous schists, it is 
only necessary to mention two more of the asso- 
ciations and transitions which they display. The 
finer kinds sometimes pass into chlorite schist 
where they occur in company with that rock. 
The coarser often alternate with the primary 
sandstone ; and they pass into it hy a gradual in- 
crease of the quartz, and a loss of the clay, in 
their composition. 

The last transitions in the primary class that 
remain to be noticed, are those of serpentine. 
This rock is occasionally associated Avith horn- 
blende schist, in hich case it sometimes passes 
into that rock by an imperceptible gradation. 
It seems also, in some rare instances, to pass 
into the basalt or greenstone of the overlying 
family ; a transition which, perhaps, would have 
been more properly described in the secondary- 
class. 


The very limited number of the rocks that 
belong to the secondary class, leaves but little to 
say on the subject of the transitions Avhich occur 
among them. 
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In the stratified rocks, as the sandstoties, both 
red, and white, are found alternating with the 
shales, so they pass into them by gradations 
similar to those Avhich occur between the primary 
sandstone and the argillaceous schist which so 
often accompanies that rock. 

In the same way, the beds of secondaiy lime- 
stone that are interstratified with shales, some- 
times become so overcharged with argillaceous 
and siliceous earths, as to produce impure com- 
pounds scarcely differing from the accompanying 
shales that are in a similar manner intermixed 
with calcareous matter. 

The transitions w'hich are to be observed 
among the multifarious unstratified rocks of this 
class, do not require notice here : they must be 
considered as variations of structure and compo- 
sition in a single family, throughout which a 
complete system of gradation exists in every part. 

Those associations and transitions Avhich are 
often very remarkable among. some of the most 
important and extensive varieties of the secon- 
daiy strata, are not subjects for notice in this 
place. They belong to geological systems, or to 
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topographic geology, and not to the proper his- 
tory of mere rocks, which is alone the subject of 
the present enquiry. 


There is not much to remark respecting the 
occasional rocks. As the jaspers appear to be 
derived from claystones, or from common clay, 
or from argillaceous sandstones, <he siliceous 
schists from argillaceous schist and shale, and 
the cherts from limestone and from calcareous 
sandstones, it is easy to comprehend Iiom', from 
the peculiar circumstances of their origin, they 
must necessarily graduate into the various rocks 
to which they owe their origin. 




CHAP. XIII. 


SYNOPTICAL VIEW Ol' THE GENERAL CHARAC- 
TERS OF THE FAMILIES OF ROCKS CONTAINED 
IN THE PRESENT ARRANGEMENT. 


It has already heeii remarked, that, according to 
the geological arraugement here adopted, where 
many distinct mineral compounds must some- 
times be arranged under one general title, no 
condensed descriptions or definitions of the fami- 
lies can be given. Such descriptions can only 
be expected in the catalogue of varieties; the 
characters of the family being, in fact, contained 
in the preliminary' remarks by which each of 
these is preceded. 

But as, in some cases, a certain general mine- 
ralogical character ivill be found to pervade the 
whole family, it has been judged expedient to 
bring these into one condensed view, as far as 
ivas practicable, addingto them an abstract of such 
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other circumstances as were admissible in a view 
so brief. As the object of this sketch is to facili- 
tate the researches of the student respecting the 
name or place of a specimen, I have been little 
scrupulous about the nature of the characters 
selected, provided they conduced to the main end, 
utility. Mineral and geological charactei's, nega- 
tive distinctions, and empirical marks, are there- 
fore indiscriminately used; that, in consulting 
this abstract, the reader may be enabled, in some 
degree, to limit his search through the several 
Synopses among which his specimen will some- 
where be found more accurately described. To- 
wards accomplishing this object, additional iissis- 
tance is afforded by the arrangement in the 
eleventh chapter. No expedient ought to be 
despised if it serves to diminish the labour and 
remove the doubts by which a beginner is so often 
disgusted in the commencement of his career. If 
it has been sometimes found necessary to repeat 
these general characters in the preliminary re- 
marks to the different synopses, the present col- 
lective view of them was not the less requisite. 
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PRIMARY CLASS. 

GRANITE. 

This rock necessarily contains two or more of 
the following minerals, quailz, felspar, mica, and 
hornblende, but does not exclude others. These 
are aggregated by a confused crystallization ; 
and, by the marks of mutual interference thence 
resulting, this rock is to be distinguished from 
coarse sandstones, or conglomerates, composed 
of similar ingredients ; some indications of pre- 
vious attrition and mechanical agglutination 
being visible in these. 

Some varieties of granite may be confounded 
with other substances in the secondary family of 
overlying rocks ; and, in such a case, the geolo- 
gical position must be resorted to ; the rocks ap- 
peiiaining to granite being inferior to eveiy rock 
which they accompany, (when in the mass,) and 
the others being superior, if not precisely at the 
point examined, yet in some part of their position 

SERPENTINE. 

It is seldom difficult to recognize this rock. 

o 2 
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The variety of lively or peculiar colours which it 
presents, generally affords a good empirical cha- 
racter. It is commonly simple ; with an uniform 
fracture, imperfectly conchoidal and splintery ; 
hut some varieties have an indistinct granular 
fracture, and others are even formed of small 
lamellar concretions. The broken surface is al- 
most always dull and earthy ; but it frequently 
contains natural irregular joints, with polished 
surfaces having an unctuous aspect and feel. The 
hardness is so various as to afford no distinction ; 
as it sometimes resists the knife, when, at others, 
it can be scratched with great ease. The fre- 
quent presence of steatite, asbestos, and talc, 
forms an empirical mark which may also be of 
use to beginners. Moreover, it is not stratified. 

GNEISS. 

Is composed principally of the same ingre- 
dients as granite, under the same license; but 
there are some varieties in which clay slate, and 
chlorite slate form constituent parts. It is dis- 
tinguished from granite by a parallel position 
which pervades the mica, most generally ; or the 
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liornblende, where that is not present ; or in any 
case, hy a foliated appearance « hich is often at- 
tended hy a greater or less degree of fissility. It 
may pass into granite, or into other rocks, as for- 
merly remarked, and thus hecoraes undefinahle. 

MICACEOUS SCHIST. 

In this rock, mica and quartz form the essen- 
tial ingredients, hut the presence of garnets or 
other occasional minerals is not excluded. The 
mica is invariably parallel, at least to the plane of 
the bed, as in gneiss ; whether that be straight or 
curved, or else to the planes of the contorsions, 
Avhere these exist ; and the rock is similarly 
foliated, and occasionally schistose. The varieties 
of gneiss which might be confounded with it, 
may be distinguished by the presence of felspar, 
which is essential to that rock ; and when this 
mineral is difficult to distinguish in the fracture, 
it may be recognized by the Avhite powdery ap- 
pearance of the weathered surfaces. According 
to this description, micaceous schist might also 
be confounded with some varieties of schistose 
sandstone, of the secondary class ; but the ISose 
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arenaceous texture of the quartzose lamina in 
this, generally presents a perfect distinction, in- 
dependently of the geological position. As mi- 
cdceo\is schist often passes into quartz rock, it is 
particularly indefinite with regard to that sub- 
stance. The other cases in which it may lose its 
distinct characters will be found in the twelfth 
chapter. 

CHLORITE SCHIST. 

The presence of chlorite, or, to a beginner, 
the green colour of that which would otherwise 
pass for mica, is sufficient to distinguish this rock, 
which, however, passes by an apparently indefi- 
nite transition, into micaceous schist, and into 
other rocks, as already noticed. 

TALCOSE SCHIST. 

This, rare rock, is also distinguishable by the 
known properties of the mineral whence it de- 
rives its name. Like the former, its analogy to 
micaceous schist in the other geneiRl characters, 
is perfect. 
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HORNBLENDE SCHIST. 

In this very common rock, hornblende alone^ 
or hornblende and felspar, form the necessary in- 
gredients. The structure is not always, or neces^ 
sarily, schistose ; and it cannot be confounded 
with any other substance, excepting as it presents 
the transitions into gneiss, formerly described. 

ACTINOLITE SCHIST 

Is in every respect similar to the former in 
structure ; but it is rare, and is readily distin- 
guished from that ; as far, at least, as the essential 
mineral is distinguishable from hornblende. 

QUARTZ ROCK. 

This consists, either of pure quartz, compact, 
or imperfectly granular; or it is a compact 
granular compound of quartz and felspar, or of 
quartz and mica, subject to other accidents which 
must be sought in the table, of varieties. The 
obviously re-united structure even of the most 
compact kinds, together with the marks of strati- 
fication, prevent the compounds of quartz and 
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felspar from being confounded with granite, ex- 
cept, perhaps, at the points of junction with that 
rock. From certain varieties of micaceous 
schist, it can only be distinguished by the predo- 
minance of the quartz ; the limits of the two, as 
already remarked, being evanescent. If, when 
loose in texture, it is in danger of being con- 
founded with secondar)'^ sandstone, recourse must 
be had to the geological connections. 

PRIMARY (red) SANDSTOiMJ. 

All the varieties of this rock are not red, al- 
though that is a prevailing character. It is most 
generally a granular aggregate of quartz, or of 
quartz and red clay, or of quartz and felspar : it 
may also contain fragments of quartz, or of cei- 
tain rocks. Its chief distinction from the red 
sandstone of the secondary class, consists in 
superior compactness, and in the prevailing i n- 
termixture of a continuous crystalline with there- 
united, or arenaceous, structure. It will, how- 
ever, always be necessary for the student to have 
recourse to the geological position. It cannot be 
confounded with granite, if as in the case of 
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tjuartz rock, attention be paid to the structure. 
Into this latter rock it passes not unfrequently, as 
already remarked ; into gneiss, very rarely ; and 
thus its characters may become doubtful. 

ARGILLACEOUS SCHIST. 

All the varieties of this rock, however dissi- 
milar they may appear in a general view, agree in 
containing stony, or indurated clay, either alone, 
or as the cement of sand, or of fragments of 
various kinds. Most of the varieties are more or 
less perfectly schistose in the structure. If, ac- 
cording to this description, it' is ever iu danger of 
being confounded with the claystones of the over- 
lying family, and there is no schistose structure 
present by which to distinguish it, recourse must 
? tad, either to the stratified disposition, or to 
' geological connections. 

It may, in some cases, be confounded with 
the harder shales of the secondary class; and, 
against this, there is no remedy but an examina- 
tion of the geological position. 
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LIMESTONE (pRIMARy). 

A general, and, commonly, an active elferves- 
eence on the application of dilute nitrous or 
muriatic acids, is the well known test of lime- 
stone ; but the student must recollect, that the 
very compact, or impure, varieties, do not always 
effervesce freely unless they are powdered or 
bruised. It may often be necessary to have re- 
course to the geological position to distinguish the 
primary from the secondary limestones ; but those 
varieties which contain mica, hornblende, or 
other minerals intermixed, may with safety be 
referred to the primary class. 

COMPACT FELSPAR. 

This rock is simple, and of various colours, 
gTeen, brown red, pale grey, white, dark grey, 
purple brown, black. The fracture is compact, 
uniting the small splintery with the flat, or im- 
perfectly conchoidal. It is less hard than quartz, 
but resists ordinary steel. It generally possesses 
a peculiar aspect on the surface, resembling that 
of wax, which is highly characteristic; and, it 
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may assist a beginner to say, that, except in hard* 
ness and in refusing to effervesce with acids, it 
very strongly resembles in external characters 
many of the compact and smooth varieties of 
limestone. 


SECONDARY CLASS. 

LOWEST (red) sandstone. 

This is generally, but not necessarily, red of 
various hues; being often grey, seldom white. 
It consists, when most simple, of sand and red or 
grey, clay, seldom very firmly united, and except 
in a very few rare cases, never possessing that 
general crystalline compactness which is often so 
remarkable in the primary rock of the same 
name. In addition to those two, almost essential, 
ingredients, it may contain the sand of felspar, or 
mica, or carbonat of lime, or the whole of these ; 
as also, fragments of any rock of the primary 
class, and of any size ; when it becomes a conglo- 
merate. As it is so important, in a geological 
view, to distinguish it from the primary sand- 
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stone, tlie position must be consulted where the 
internal characters are not satisfactory. 

Some of the red varieties may be confounded 
with some varieties of the superior sandstones, 
such as the red marie of England ; and, in the 
same manner, the white varieties may be mis- 
taken for others belonging to the upper sand- 
stones. As important geological considerations 
may often depend on the solution of such doubts, 
it becomes necessary to examine the geological 
relations, whenever they may arise. 

SUPERIOH SANDSTONES. 

These consist of quartz sand alone, or of 
that sand with carbonat of lime, or with clu}!^ of 
various colours ; more rarely, with mica. The 
far predominant varieties are white, or, at least, 
pale. The circumstances under which they may 
appear doubtful, have been already noticed. 

LIMESTONE. 

Effervescence, as in the case of the primary 
limestones, distinguishes these from other rocks ; 
but it must be recollected that the magnesian 
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and argillaceous varieties effervesce with diffi- 
culty. Almost all those which contain organic 
remains, may safely be classed with the secondary 
rocks ; as may the highly argillaceous ; but as 
some interesting cases occur in which those of 
the primary and secondary class cannot be dis- 
tinguished by their mineral characters, it is ne- 
cessary to have recouise to their geological 
positions. In how firr some of those which con- 
tain organic remains, and which have been 
called transition limestones, may belong to the 
primary class, is not yet determined. 

SHALE. 

The shales consist of schistose indurated clay, 
commonly grey, or blackish ; occasionally, of 
other and brighter colours. In general, .they 
may be distinguished from the argillaceous schists, 
by their comparative fragility and want of the 
continuous schistose structure. But, as formerly 
remarked, cases also occur, where the characters 
of the two so nearly resemble each other, that 
these cannot be satisfactorily determined without 
consulting their geological positions. 
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OTERLYINQ ROCKS.' 

So many substances, of external characters 
and compositions so different, are included in 
this family, that ft is necessary to separate them 
into divisions before attempting to enumerate the 
general characters by which a student may be 
induced to search for his specimen among them. 
They may, for this purpose, be conveniently di- 
vided into the simple, the granitic, the porphy- 
ritic, and the amygdaloidal. 

The simple rocks of this family, consist 
either of compact felspar, clinkstone, or indu- 
rated clay. 

The characters of compact felspar have al- 
ready been described, and as this substance 
occurs both in the primary and secondary class, 
although under slight differences of aspect, it is 
evident that these can only be distinguished by 
their respective geological positions. 

The characters of clinkstone are the follow- 
ing. It is a simple rock, massive, but occasion- 



ally exfoliating, on the exposed surfaces, in irre- 
gular laminae. The fracture is even, or imper- 
fectly conchoidal, and splintery also. When 
long exposed to the weather, it assumes a 
granular appearance. It has not the waxy as- 
pect of compact felspar ; which however it much 
resembles, and into which it appears to pass by 
an undefinable transition. On the other hand, 
it becomes more earthy, and passes into clay- 
stone. Under these different circumstances, it 
yields with more or less difficulty to the knife. 
It is not necessarily or exclusively sonorous, as 
its name would imply. That property is j)os- 
sessed by many other rocks in a much higher 
degree, and very often depends more on the 
form than the material. The colours are very 
various. 

The indurated clays are of different degrees 
of hardness, and vary in colour, from neai-ly 
white to black. They might, according to the 
name, be confounded with some of the argil- 
laceous schists ; but they are almost always dis- 
tinguishable by breaking with the same facility, 



208 

and in the same manner, in all directions. In 
certain cases, it is true, they are actually schistose, 
or rather, laminar ; but the lamini^e are, in this 
case, produced by the progress of disintegration, 
and that structure does not, as in the argillaceous 
schists, pei’vade the whole stone. However dif- 
ficult to describe the peculiar aspect by which 
they may be recognized, so as to satisfy the stu- 
dent who has never seen them; Avhen once 
known, they can never be confounded again with 
any other rock. 

The same remarks may be made on basalt, 
some of the varieties of which may also be known 
by consisting, or appearing to consist, of horn- 
blende in a much more minutely granular and 
compact state than it ever occurs in hornblende 
schist. ' 

The granitic division oilers peculiar diffi- 
culties ; as it is in this, that the frequent resem- 
blances to some of the varieties of granite occur. 

In the first place, all those which contain 
either augit or hypersthene, may be safely re- 
ferred to this family. So may those which con- 
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tain compact felspar as a conspicuous or leading 
ingredient; and this substance seldom occurs, 
except in very minute proportions, and as an oc- 
casional constituent, in the granites. A large 
proportion of the more equal mixtures of horn- 
blende with felspar, both common and compact, 
belongs to this division ; but as similar mixtures 
are also found among the granites, they are not 
necessarily and excl usi vely members of this family. 
Even the finer compounds, forming* one of the 
varieties of basalt, are found accompanying 
granite. The student, in these cases of doubt, 
must unavoidably have recourse to the geological 
position ; and this last example, in particular, 
offers one of the strongest u hich geology affords, 
of the hazard of determining* the geological cha- 
racters of these rocks from their mineral struc- 
ture or composition. 

The porj)hyritic and the am3'g*daloidal rocks 
are recognized by the peculiar structures already 
described in the chapter on that subject; and 
may alwavs safely be referred to this family, as 
they occur in no other department of nature. 

I* 



PITCHSTONE. 


This rock is either simple, or porphyritic, or 
spheroidal concretionary, (as in pearlstone) ^ but, 
in every case, it may be recog’iiized by its smooth 
glossy fracture Avhen simple, or by that of the base 
when it is compoundetl. The lustre is more pro- 
perly like that of broken j)itch than glass, and it 
could only be confounded with obsidian ; a mi- 
neral strictly volcanic, and otherwise distinguish- 
able by its almost absolute identity with the 
glasses formed in metixllurgic opemtions, and by 
other characters to be found in systems of inine- 
ralogy. 


OCCASIONAI, ROCKS. 


JASPER. 

The brilliant or varied colours of this rock, 
either mixed or simi)Ie, form its most ostensible 
and convenient distinction. These are, however, 
chiefly reds, of various hues, and yellows. The 
lustre is sometimes equal to that of pitch ; in 
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which case it has been confouniletl with pitch- 
stones ; at others, it is dull and earthy. It is 
commonly very brittle, and scarcely less hard than 
quartz. The fracture is generally flat, or con- 
choidal, where the lustre is considerable : more 
or less granular, or splintery, when dull. It is a 
simple rock. 


SILICEOlTS SCHIST. 

This rock varies materially in aspect and in 
hardness, as might be expected from its origin. 
When least hard, it is scarcely distinguishable by 
the eye from the schists w hence it is derived ; 
even in this case, however, the power of resisting 
the knife is a sufKcient test. The structure is 
simple and uniform, the fracture more or less 
perfectly conchoidal, and also splintery. The 
lustre sometimes approaches to that of pitch; 
but, at the other extreme, the aspect is earthy. 
The colours vary considerably ; as it is found of a 
reddish brown, dark purple, yellowish brown, 
and greenish, but the tints of grey, and black, 
are the most frequent. It is often striped with 
difierent colours, 

I* 2 
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Tlje cherts of this arrangemeiit must be ex- 
pected to differ materially in aspect, when their 
nature is considered ; as the rocks to which they 
owe their origin, not only vary in composition, 
but, may have undergone various degrees of in- 
duration. In general, however, all the varieties 
agree in being simple, in breaking difficultly, yet 
suddenly, with a fracture more or lessconchoidal, 
and, according to circumstances, either granular 
or splintery, in forming acute cutting fragments, 
in resisting steel, and refusing to effervesce with 
acids. By this latter character they differ from 
the limestones which they so often resemble, and 
from which they are derived. The colours are 
grey of various hues. 

GYPSUM. 

As a rock, this substance could only be con- 
founded, by the student, with granular or primary 
limestones ; and it is readily distinguished from 
these by not effervescing with acids, by its com- 
jiarative softness, and by the facility with which 
it loses its water on exposure to heat. 
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CONCLOMERATE ROCKS. 

The name of these renders any description of 
their characters unnecessary ; and, for the dis- 
tinction of the varieties, the reader must have re- 
course to the Synopsis. 

VEIN STONES. 

These also require no observations; since, 
being attached in some way to the rocks in which 
they lie, or depending for their essential distinc- 
tions on their geological position, they are neces- 
sarily recognized. Like the conglomerate rocks, 
they are formed of distinct portions of different 
substances. 


APPENDIX 1st and 2d. 

VOLCANIC ROCKS. 

The resemblance of many of these to the over- 
lying rocks, renders it also necessary to be ac- 
quainted with their geological situations. These, 
in fact, are always known, from the circumstances 
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under which the specimens are collected. To 
describe their general mineral characters would 
be little else than to repeat the remarks on the 
overlying rocks, which have preceded. 

CLAY, SAND, MARLE. 

Marie is recognized by its efiervescence ; 
sometimes by containing fragments of shells. It 
would be trifling to describe the characters of 
substances so familiar as clay and sand. 

The same remarks may be made on coal, 
alluvia, and peat ; substances, of which the cha- 
racters are as familiar as the names. 
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rUELIMINARY REMARKS OV THE NATURE AND 
CHARACTERS OF THE PRIMARA' CLASS. 


In the name of this class, is implied the essential 
character on M hich it is founded. Tlie rocks that 
are included in it, are so arranged, fiK)in an opi- 
nion that they were formed previously to the de- 
position of those which are ranked in the secon- 
dary class. That opinion is founded on tlie fact, 
that Mherever the j’ocks of the latter division 
occur in company with the former, they are al- 
ways superior in geological position; and that, 
in no case, a member of the primal^ class is found 
intruding among those of the secondar\ . 

If, in all instances where rocks occur in na- 
ture, both classes were to be found together, or a 
reguliu' sequence coidd be inferred by the com- 
parison of positions, there would exist no diffi- 
culty in distinguishing the two, in every case, by 
their geological situations; it being here pre- 
sumed that their common line of separation is 
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known. But, in many places, large tracts of one, 
or of the other class, are found separately ; in 
others, detached portions of the secondary are 
found connected with extensive tracts of the pri- 
mary, or insulated masses of the latter are found 
among the former ; the relative positions of the 
two being further, in each case, such, as either to 
afford no evidence respecting the superiority of 
the one or.the inferiority of the other, or, some- 
times, even indicating a relation which is dis- 
covered, by an extensive set of analogies or com- 
parisons, to 1)6 false. It is, moreover, often neces- 
sary to decide on the class to M'hich a single spe- 
cimen should be refeiTed, Mhen detached from 
iis native connexions. The single character of 
relative iufej’iority, is not therefore sufficient to 
form a practical distinction for the primary class ; 
although it is the essential one, and that on 
which the class itself is founded. 

There is another character, ht)wever, by 
which it has been supposed that the primary was 
distinguishable from the secondary class of rocks ; 
and on which, indeed, too much stress has fre- 
quently been laid, as if it formed an essential dis- 
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tinction. This is, the comparatively erect posi-t 
tion of the strata. But, in many instances, the 
primary strata occupy very low angles, and even 
assume the horizontal position ; while the secon- 
dary, are frequently found elevated to angles of 
considerable inclination. Even were this distinc- 
tion niucli more complete, it would not be of 
universal application ; since, in each class, there 
is a large division of rocks that are not disposed 
in strata. 

The next circumstance in which the rocks of 
the primary class differ from those of the secon- 
dary, is their nature, or mineral character. 

Many rocks, readily distinguishable by their 
peculiarity of aspect, occur in the primary class, 
but are not found in the secondary ; althoug'h the 
rocks of both classes are often composed of the 
same mineral substances. Others are so distinct, 
even in their mineral composition, as to have no 
resemblances in the secondary class. Such rocks, 
even in detached specimens, indicate, without 
the necessity of geological investigation, that divi- 
sion in nature to which they belong. Without 
considerable experience, however, it is rarely safe 
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to draw such conclusions respecting the first of 
these ; as the peculiarities by which they are cha- 
racterized, although distinguishable by a prac- 
tised eye, can scarcely be describetl in words 
with sufficient accuracy to convey a definite idea 
of their differences- 

I’here are, further, some rocks in the primary 
class, so nearly resembling others in the secon- 
dary, that, in some specimens, no difference 
whatever can be detected ; while, in the re- 
mainder, the distinctions arc so slight as scarcely 
to be perceived, except by long and habitual 
intercourse with all their modifications. In these 
cases, the mineral character serves no purpose in 
ascertaining the class to which a rock belongs ; 
and recoujse must then he had to the other cha- 
racters, which comprise its geological connections. 
Where these are obscure, or difficult of access, a 
rock may thus, for a long time, remain doubtful, 
as far as relates to its relative antiquity ; or erro- 
neous conclusions may be drawn, to be rectified 
only by careful subsequent investigations, or by 
a fortuitous concurrence of circumstances. 

Lastly, the absence of organic remains has 
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Ijeeii sometimes made a ground of distinction 
for the primary class. In a practical view, this 
character would he of no use in discriminating 
individual rocks, were it even constant in that 
class ; as, among the secondary sti’ata, such re- 
mains are hut of partial occurrence. But it en- 
tirely ceases to be a distinction, unless that ex- 
pedient of a transition class, which has here been 
rej ected , is adopted . As the reasons for rejecting 
this class have been given elseAvhere, no further 
remarks on this character, as distinguishing the 
primary from the secondary rocks, are required. 

It must therefore he concluded, that there is 
no single character by which the primary class 
can ill all cases he distinguished. I'lie proofs of 
that essential circumstance, inferiorit}', on which 
it is founded, being sometimes inaccessible, re- 
course must then be had to one or more of the 
remaining characters ; and, although there are 
cases Avhere the distinction may call for all the 
industry and acuteness of a geologist, his endea- 
vours will rarely be disappointed. It is only by 
such exertions that he can hope to improve an 
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imperfect science, and to extend the boundaries 
of our knowledge. 

It therefore follows from the preceding re- 
marks, that in every distribution of rocks founded 
on the present, or on any geological arrange- 
ment, the same mineral compound will occasion- 
ally be repeated in both divisions. Whatever 
confusion or inconvenience may be supposed to 
flow from this, it is evident that the circumstance 
is in itself highly interesting, as forming part of 
the natural history of rocks, and that it is an 
important fact in geology. It is one of those 
occurrences which prove that, in a practical 
view, much greater inconvenience would follow 
from an arrangement founded on mineral cha- 
racters alone; as it would confound together 
substances which it is most important to distin- 
guish. In consequence of this occasional resem- 
blance, or identity, between certain members of 
the primary, and others of the secondary class, it 
will assist the student to enumerate those rocks 
appertaining to the former which have no re- 
semblances in the latter ; and to point out those 
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which are more or less difficult to distinguii^ 
without referring’ to their order in geological 
position. 

Among the unstratified rocks of the primaiy 
class, granite, when composed of quartz, mica, 
and felspar, is always to be distinguished, as no 
corresponding rock has yet been found in the 
unstratified members of the secondary division. 
But where granite contains hornblende, there is 
sometimes ground for doubt ; as similar com- 
pounds occur with the syenite of the overlying 
family. 

In a similar manner, rocks compounded of 
hornblende and felspar, which prevail among 
the members of the latter division, are sometimes 
found associated M'ith granite, and therefore ne- 
cessarily to be ranked in the primary class ; 
however ditfering in their mineral characters 
from the prevailing rocks known by this general 
term. These cases are however rare, and will 
seldom produce much practical inconvenience ; 
as they will chiefly excite the attention of those 
geologists whose experience w’ill enable them to 
assign their true geological situations, and vdiose 
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object it is to investigate those circumstances# 
rather than to collect specimens for a cabinet. 
As in all the other instances of this species of 
uncertainty, these rocks are noticed in the cata- 
logues, under the several heads where they occur. 

Gneiss, micaceous schist, chlorite schist, 
talcose schist, hornblende schist, actinolite schist, 
and serpentine, have no copies or counterparts 
in the secondaiy class, and therefore require no 
observations. The case of serpentine connected 
with trap veins, is too rare, and, at the same time, 
too obvious, where it does occur, to require an}r 
caution. 

Between some varieties of quartz rock and 
the secondary sandstones, there is an occasional 
resemblance ; as the former may present a loose 
texture, and the latter an indurated one : in such 
cases, as in that of granite, recourse must be had 
tothegeological connections of the rocks in doubt. 

The same remark, even in a greater degree, 
applies to the primary and secondary red sand- 
stones, wlsich often bear a very exact resem- 
blance, both in composition and general aspect. 
It is time, that the primary rock is characterized 



by a predominant degree of compactness not 
often found in the secondary ; but that is rarely 
sufficient to form a distinction, except in the 
hands of a geologist long versant in the minute 
characters of rocks. This instance affords a 
striking example of the necessity of attending 
to geological characters in the classification and 
nomenclature of rocks, and of the utility of an 
arrangement founded on geological principles; 
since it had always been confounded with the 
secondaiy sandstone, till it wsts first pointed out 
in that work on the Western Isles of Scotland, 
which is here referred to, on seveial occasions, as 
the authority for many of the present statements. 

The distinctions between the argillaceous 
schists of the primaiy class and the shales of the 
secondary, are, in many instances, sufficiently 
•marked. But cases also occur in which they are 
undistinguishable w'hen separated from their 
connections ; a circumstance which, in this in- 
stance also, renders the examination of those 
connections necessary. 

In the limestones, the same difficulties some- 
times occur. It has been asserted that the pri- 
mary calcareous rocks are always to be distin- 



guished, by their crystalline texture, from the 
secondary, which are, on the contrar)^ said to be 
characterized by a compact texture and earthy 
aspect. But this observation is perfectly errone- 
ous ; as limestones of an earthy, and of a com- 
pact aspect, occur among the primary ; and, 
although perhaps more rarely, the most perfect 
crystalline limestone is sometimes found among 
the secondary strata. 

The difficulty between the compact felspar 
associated with gneiss, and therefore primary, and 
that which is found with the overlying rocks, is 
of little moment ; as the former is rare, and is ge- 
nerally so intimately connected with its associates 
as to be necessarily referred to its proper place. 

With respect to jasper, chert, and siliceous 
schist, which the geologist will often find among 
the primary rocks, it will hereafter be seen that 
they occur in both classes ; for which reason 
they have' been separated and placed in a distinct 
division, so as to render any remarks on them 
unnecessary in this place. 

The difficulties that regard porphyry and its 
associates, are stated at length in the preliminary 
remarks on the overlying rocks. 
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GRANITE. 


In conformity to the general practice of geo- 
logists, I have placed granite as the lowest, or 
first in order, of the primary rocks. For the 
same reason, confirmed by my own limited ex- 
perience, I have also considered it as unstratified. 
Further than this 1 cannot enter on its geological 
relations ; as they would be incompatible with 
the design of the present work. It is only ne- 
cessary to remark, that every member of the pri- 
mary strata has been found in contact with it ; 
and that, in some rare instances, the lowest red 
sandstone has been observed in the same situation. 

By the term granite is here understood every 
compound rock which is found in irregular 
masses beneath the lowest ‘strata; including, 
further, those veins which proceed from them so 
as to travei'se the adjoining rocks, together with 
those similar veins which, though of the same 
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«iBAMTE. 


mineral composition, cannot be traced in the 
same manner to a leading mass. 

Granite masses are sometimes continuous for 
a great space ; so that they possess no definite 
form; or, if any such form be present, it cannot 
be discovered. At other times, they are dis- 
posed in large definite bodies, not unaptly com- 
pared to feather beds, separated by fissures or 
joints. Wlien these masses possess a large di- 
■m^^on ill two directions only, they often re- 
semble the beds of stratified rocks, and have 
sometimes been mistaken for true strata. Occa- 
sionally, these dimensions are so proportioned, 
that they resemble irregular spheroids : but these 
forms appear to have resulted from the wearing 
of the angles of masses originally prismatic. 

The extended beds above mentioned, are fre- 
quently subdivided by fissures into smaller pris- 
matic and cuboidal masses ; and as this subdi- 
vision generally takes place in two opposite 
directions, or are vertical and parallel to the 
great mass or bed, these prisms are found piled 
on each other in a manner resembling huge 
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masonry. I'he angles of the prisms being fur- 
ther subject to w ear, as are the contiguous sur- 
faces in a less degree, the result is an aggregate 
of irregular spheroids often piled on each other 
in a very fantastical manner. This consequence, 
it is evident, can only take place when the fis- 
sures are nearly horizontal and vertical. In 
all others, the detached paiTs must fall away. A 
few rare instances occur in nature where the 
dimensions of the prisms are so considerable in 
one direction, that, when grouped in erect po- 
sitions, they present an irregular columnar ap- 
pearance. 

Lastly, the great laminae, or beds of granite 
are often vertical, as well as horizontal or in- 
clined ; and it thus presents continuous smooth 
precipices laterally, ahile, above, it terminates 
in sharp peaks. 

A minute, but irregular prismatic structure, 
independent of the former, is sometimes to be 
seen in gianite. It is also -occasionally mi- 
nutely laminai*, or exfoliates in crusts. These 
crusts are sometimes concentric, respecting one, 
or more, centres ; at others they are flat. In 
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GRANITK. 


some cases they appear to be the consequence 
of an original concretionary structure in the- 
rock : in others, it is equally certain that they 
are produced by the action of the atmosphere ; 
as they occur equally in masses of artificial forms; 
in the shafts of columns,, for example, and in 
blocks, squared by the tool. 

With these comprehensive g’eological features, 
are united the following mineralogical characters, 

Xhe texture is, with one exception, alwajs 
crystalline and confused ; the several minerals of 
which it is composed, interfering with each 
other’s forms. M ith the single exception of the 
graphic variety, it is also granular ; but varying 
much in the fineness of the texture, or in the 
magnitude of the parts. 

As the mineral composition of granite re- 
sembles that of gneiss, and as, in many in- 
stances, these rocks approximate, even in texture, 
it will be convenient to state here, the characters 
by which these substances may be distinguished; 
In granite, the crystals of mica, or of hornblende 
if present, are placed irregularly in all directions ; 
but, in gneiss, they preserve a general parallelism^ 



GRANITE. 


229 


80 as to give a foliated appearance to the rock, 
and, very frequently, conamuoicatin^ to it a ten- 
dency to split in one direction. 

In certain cases, however, the distinction he* 
tween granite and gneiss is evanescent, and the 
two become mineralogically identical. The 
cautious geologist will therefore beware of draw- 
ing any general conclusions of a geological na- 
ture, from the mere examination of specimens; 
but will examine the coRnections of th&. rocks 
themselves, and their general relations to the 
surrounding strata. 

The minute structure of granite sometimes 
approximates to that of porphyry ; or distinct 
crystals of the felspar which belongs to its com- 
position, are imbedded in the general granular 
base. This variety has been termed porphyritic ; 
and it is also proper here to remark, that the 
porphyries sometimes lose their characteristic 
stnicture in particular places, and assume that of 
granite so nearly, as to be . scarcely distinguish- 
able when in hand specimens. In this case, as 
in many others, such specimens can only be truly 
referred to their place in this system, by examin- 
ing their geological connections. 
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GRAXITE. 


The hia^itude of the puts in granite is ex> 
tremelj rarions ; each constituent mineral some- 
times exceeding an inch in dimensions, and,_ at 
others, being almost invisibly minute. Various 
textures are also often united in a very limited 
space, or the rock passes imperceptibly from 
fine to coarse-grained. Occasionally also, irre- 
gular patches, or veins, of a fine texture, are 
seen imbedded in acoareer variety. In one rare 
instance the parts affect a spheroidal arrange- 
ment. 

Mica, felspar, and quartz, have, by some 
mineralogists, been enumerated as the sole mi- 
nerals essential to granite. This distinction is 
too limited for practical purposes ; and, in a 
geological sense in particular, it is inadmissible. 
Within a very narrow space, either the quartz or 
the mica may disappear: in graphic granite, the 
latter is always wanting. Moreover, horn- 
blende is vary often present in one part of the 
same continuous mass which, in another, con- 
tains only the three ingredients above nmned : 
and it is also v^ fiequently the substitute for 
mica ; the rock being then a ternary compotuid 
of quartz, felspar, and hcamblende. The term 
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syenite has been applied to this coBaponnd ; but 
with great inconvenience; as it has .also bem 
used to denote a member of the latest unstratified 
rocks incumbent on the secondaiy strata. To 
prevent additional confusion in the geological 
description of two families of rock, often suffi- 
ciently difficult to distinguish with every atten- 
tion, it seems absolutely necessary to appropriate 
this term exclusively to the granitic compound 
which is posterior to the secondary strata. In a 
geological arrangement, like the present, it is, 
at any rate, indispensible. 

Granite therefore, consists fundamentally of 
quartz, felspar, mica, and hornblende, variously 
combined. But other minerals occasionally 
enter into the composition, so as to form inte- 
grant parts of a common mixture. They are, 
it is true, comparatively rare, but they cannot 
conveniently be excluded from the definition. 

These minerals are, actinolite, chlorite, talc, 
compact felspar, and steatite. This list might 
perhaps be extended; but the descriptions of 
rocks hitherto published, are so qnsati^faqtqry, 
and the collections which have been formed. 
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either so imperfect pr so inaccessible, that it ai>- 
pears preferable to leave this qncstiow open for 
future correction. Those minerals therefore 
which are found entering into granite so as to 
modify its character, are enumerated in an ap- 
pended list ; in which are also contained all those 
which enter into it in smaller proj>ortions, or of 
which granite is the natural repositorj^ 

Finally, there are certain compounds of 
minerals, of a granitic character, the claims of 
which are not yet determined in a satisfactory 
manner. It seemed desirable to place them in 
an appendix for future correction, rather than to 
run the risk of misleading the student by a pre- 
mature decision. 

The colours of granite are infinitely varietl. 
That of the hornblende, where it exists, being 
invariably black, or an extremely dark green, it 
only contributes to modify that of the rock, by 
the proportion which it may bear to the other in- 
gredients. When in great excess, it forms com- 
pounds neai’ly black. In other cases it produces 
various tints of grey. Grey and black tints also 
arise from the presence of black mica. But this 
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mineral is also either white, or brown ; and is 
thus productive of corresponding differences in 
the colours of the granite into which it enters. 

The felspar is subject to a gi*eater variety of 
hue than either of the other ingredients ; and, as 
it is commonly the most abundant, it often regu- 
lates the colour of the rock. Dark red, and 
white, are the most common exti*emes of colour, 
and it is also found of various intennediate tints 
of red. Occasionally it is ochre yellow, pale 
grey, blackish grey, or nearly black, and, in one 
rare instance, green. It does not seem well as- 
certained, whether those varieties which, like 
that of Labrador, dispei'se coloured light, belong 
to granite : in some instances, at least, it appears 
certain that the ct>m pounds which contain them, 
appertain to the overlying or trap family. 

The quartz of granite is most commonly 
white, or w.atery ; and, being generally the next 
ingredient in proportion to the felspar, it also 
assists in many cases to determine the colours of 
the compound. Occasionally, it is also grey, and 
smoke coloured; sometimes nearly black. It 
may be remarked, in concluding this part of the 
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subject, that each of the three preceding minerals 
may exist of different colours in the same com- 
pound. 


SYNOPSIS OF GRANITE. 

FIRST DIVISION. 

Of two ingredients. 

A. Felspar, and mica. 

This variety does not seem to constitute ex- 
tensive masses, 

B. Quartz, and felspar. 

a. An uniform mixture of these ingredients. 

b. The quartz, or felspar, or both, imperfectly 
crystallized and influencing each other’s forms. Gra- 
phic granite. 

This remarkable variety seems to occur ex- 
clusively in veins, particularly in those which 
traverse gneiss. The quartz and felspar which 
compose it, are aggregated in lengthened parallel 
prisms. The prismatic structure therefore is 
seen in one direction ; while, in the reverse, tlie 
peculiar appearance whence the term is derived, 
becomes visible. That appearance is produced 
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by the cross section of the quartz prisms. These 
are frequently triangular, occasionally hexagonal 
and flattened ; and in a few rare instances, the 
two minerals form alternating laminne. The fel- 
spar is generally predominant ; often in a great 
degree. The sizes of the prisms vary materially, 
and hence a great variety of aspect. In some 
rare instances, where cavities ^xist in the veins, 
the quartz is found w ith pyramidal summits. 
Throughout a whole vein of this rock, however 
large, it will generally be found that a common 
polarity peiwades the felspar; or, practically, that 
tlie corresponding laminm reflect light at the 
same angle over a wide extent of irregular surface, 

C. Quartz, and hornblende. 

This appears to be merely an incidental 
varietv. 

D. Felspar, and hornblende. 

Large grained, or the hornblende crystallized* 

b. An uniform granular mixture ; the respective 
ingredients varying materially in their sizes and pro- 
portions, so as to produce a great variety of aspect. 

c. Intimately mixed, so as to be nearly undis* 
tinguishable. 

Var. b. often resembles the greenstones of 
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the trap family ; and is, in fact, only distinguished 
by it geological connection with granite. Var. c. 
is often similarly undistinguishable from basalt ; 
occasionally from the non-fissile hornblende 
schists; but, like var. b., it is connected with, 
and passes into granite of the most common cha- 
racters. 

These varieties occur in Aberdeenshire ; 
where they are connected with the most ordinary 
granite, subjacent to gneiss, both by transition 
and alternation, in a manner so distinct as to 
leave no doubt respecting their true place in a 
geological classification, like the present. 

SECOND DIVISION. 

Of three ingredients. 

A. Quartz, felspar, and mica. 

a. An uniform mixture of the dilTerent ingre- 
dients, 

I). Distinct additional crystals of felspar imbedded 
in the general mixture : porphyritic granite. 

Cornwall presents very remarkable examples 
of this variety. 

c. With two kinds of felspar, the common and the 
glassy. 
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d. The quartz, or the felspar, or the mica, or all 
of them crystallized. 

This variety is never perfect, as it contains 
the same minerals also without form. It often 
contains minute cavities, and it is in these that 
the crystals are most distinct. Bennachie in 
Aberdeenshire produces very perfect examples of 
this variety. The varieties of aspect in A are in- 
numemble ; depending on the relative propor- 
tions of the different ingredients, on their vary- 
ing magnitude, or their colours, and on the dif- 
ferent modes of intennixture. 

B. Quartz, felspar, and hornblende. 

a. Large grained. 

The syenite of some mineralogists ; a term 
here limited to similar rocks in the overlying 
family. In Scotland, at least, this variety appears 
as common in many situations, as var. A. 

b. Small grained, and, like F.b. Div. I st. often 
resembling the greenstones of the trap family, by which 
name some mineralogists have also distinguished it. 

C. Quartz, felspar, and actinolite. 

D. Quartz, felspar, and chlorite. 

E. Quartz, felspar, and talc. 
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These three latter varieties are rare, but tliey 
occur in different parts of Scotland. 

F. Felspar, hornblende, and mica. 

This variety occurs in the same manner as D. 
Div. 1st. but is rare. 

THIRD DIVISION. 

Of four ingredients. 

A. Quartz, felspar, mica, hornblende. 

This, like var. B. Div. 2d. is the syenite of 
some writers, and is often not easily distinguished 
from that variety, particularly when the mica is 
black and not abundant. It is equally, or more, 
common. Both these varieties, like all the others 
enumerated under this head, [jass into the var. A. 
Div. 2d. or into common granite. 

B. Quartz, felspar, mica, compact felspar. 

This might perhaps be arranged with equal 

propriety under \ur. A. Div, 2d, the latter sub^ 
stance being considered accidental ; the compact 
felspar is often of a bright green. Occurs in 
Guernsey and in Scotland. 

Quartz, felspar, mica, actinolite. Bare, and 
aualogous to var. A of this division. Occurs in Perth- 
shire. 
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D. Quartz, felspar, hornblende, chlorite. 

£. Quartz, felspar, hornblende, steatite. 

F. Quartz, felspar, mica, porcelain clay. 

It is doubtful whether the apparent steatite of 
E is not decomposed talc or chlorite. The por- 
celain clay of F appears also to be the result of 
the decomposition of one variety of the felspar in 
its structure. When the mixture is ternary 
alone, or of quartz, mica, and clay, it is evidently 
a decomposed rock and has lost its compactness. 
This rock occurs in Cornwall. 

The remarks respecting variations of aspect, 
made on var. A. Div. 2d. are applicable to all 
the other modifications of granite. In some rare 
instances, it offers other varieties of a veiy' pecu- 
liar chaixicter, in consequence of a spheroidal 
concretionary structure, of which the orbicular 
granite of Corsica is a well known example. 
Many varieties of granite contain other minetals 
imbedded, as already noticed ; and the following- 
catalogue contains those .of most usual oc- 
currence. 

Garnet. Zircon. 

Cyanite. Fluor spar. 
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$poduntene« 

Tourmalitt^ 

Corundum. 

Schorl. 

Beryl. 

TrenioHto. 

Topazi 

Actinolite. 

Chrysoberyl. 

Emerald. 

Epidote. 

Gabbronite. 

Apatite. 

Wernerite. 

Finite. 

Pyrophysalife. 

Idocrase. 

Pyritea# 

Anthopbyllite. 

Oxydulous iron. 

Andalusite. 

Sphene. 

Stilbite. 

Oxyde of Tin. 

lade. 

Lapis lazuli. 

Fettstein. 

Graphite. 


A few of these only, are occasional!} so ubun> 
dantasto modify the aspect of the granite in 
which they occur ; the greater number are spar- 
ingly dispersed. The authority for such im- 
bedded minerals, here and in the following 
synopses, rests, sometimes, on the recorded ob- 
servations of various authors ; at others, on my 
own. The remarks on these subjects have been 
every whei*e omitted ; partly because they belong 
more properly to systems of mineralogy, and 
partly because they would materially have pro- 
longed these pages. 
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I am under the necessit^i as- alfSady Men- 
tioned, of introducing into this synopsis, in the 
manner of an appendix, four substan^s, of some 
of which, at least, the places have not been 
thoroughly described. They appear, as far as 
can be judged, to have a greater analogy to 
granite than to any other family. Hereafter, 
vrhen their geological connections and characters 
are better knoAvn, and when it is determined 
whether they are really entitled to places among 
rocks, they may be removed, should it prove 
necessary, to some other part of the system. 

A. Mica and ooin|iact felspar, sometimes contain- 
ina’ a'araets. — Weiss stoiii — Whitestoiie. 

cy tT5 

It is possible, that this substanee rather ap- 
pertains to gneiss ; if the structure is schistose, 
as is said, it is the more likely ; but the only spe- 
cimens which Iiave come Under my notice, were 
not characterized by that structure. 

B. Felspar, quartz, smaragdite — sometimes con- 
taiuing cyaiiite and garnets— of Styria and Corsica. 

C. Smaragdite and compact felspar. 

D. Splendent Diallage (Sell ill er spar) and com- 
pact felspar. — Of Corsica, &c. 

This rock is found accompanying serpenline, 

H 
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at Mussiliet, near I'urin ; so that its geological 
position is doubtful. There are reasons for sus- 
pecting tfifet it may belong to the trap family. 

D. Schorl and quartz, sometimes with felspar. — 
Schorl rock of Cornwall ; and witl» the same geological 
relations as granite. 

This might, perhaps, like the compounds 
C, D, E, Div. 2d. have been enumerated in the 
same place. 
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There is so little accurate information to be 
obtained, from authors, respecting the geological 
history of this rock, and the opportunities of 
studying’ it in this country are so few, that I can- 
not preteiul to give much satisfactory information 
respecting it. 

As far as has yet been ascertained, it occurs 
almost exclusively among the primary rocks, 
and is therefore properly placed in the present 
division. It does not appear to be ever decidedly 
stratified, or to alternate in such a manner with 
the primary strata in which it lies as to give 
g’round for supposing that it is a stratified sub* 
stance. It presents, at the same time, one strik- 
ing difference from the unstratified rocks, which, 
of whatever dale they may be, are connected 
with veins that brancli from them into the sm-- 
rounding- strata. No veins ha\e yet been de- 
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tected rainifyisig from of seriientiiie. As 

far as is yet known, it seems to form irregular 
masses included among’ tlie primary strata, and 
resembling those which are sometimes found in 
the primary limestones. Rarely, it is included 
immediately in granite, occurring’ in that situa- 
tion in Aberdeenshire. 

These masses vary in size, soinetiines extend- 
ing for miles, and, at others, not exceeding a 
few feet in dimensions. In the latter ciise, they 
fre(juently put on a parallel figure, detennine<l 
by that of the strata in which they lie, but not 
persistent, inasmuch as they are extenuated at 
the edges till they disappear. 

'I'he strata among which masses of serpentine 
occur in this country are chiefly gneiss, argilla- 
ceous schist, hornblende rock, ami limestone ; 
it is also found r.irely and sparingly in micaceous 
schist. In the <’ase of their contact with argilla- 
ceous or micaceous schist, a change of the in- 
cluding rock takes place near the junction, by 
the intervention of the talc which is so often as- 
sociated w'ith this substance. In the same way, 
the neighbouring masses of gneiss assume a pe- 
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culiar ctramcter, whicli is noticed in the synopsis 
of that rock. When they occur in contact with 
limestone, the two substances are frequently 
much intermixed ; veins of the carbonat of lime 
penetrating- the serpentine, or fragments of both 
being confusedly blended together. When the 
cnnfaet is that of hornblende rock with serpen- 
tine, a perfect gradation between the two can 
sometimes be traced. 

There is one interesting situation, in the 
secondary class, in which serpentine occurs, al- 
though two examples only of it have fallen under 
my notice, and it has not been observed by other 
geologists. In l)C*th these cases, veins of trap 
pjiss through strata of secondary limestone, and 
where the vein is in contact with the limestone, 
it changes its character and becomes a serpen- 
tine, while it also contains, in those parts, the 
minerals usually found in that rock, namely, 
asbestos and steatite. The limestone, at the 
planes of contact, also contains steatite ; and thus 
a species of irregular gradation becomes esta- 
blished between the trap and the limestone. The 
gradation from the serpentine to the trap, within 
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the vein, is perfect and insensible. This fact 
may perhaps assist, at some future period, in 
illustrating the real nature of a rock of which we 
are now ignorant. 

Although the varieties in the aspect of ser- 
pentine, are innumerable, and more ostensibly 
striking than in most other rocks, the real dif- 
ferPnc^ in the essential characters are very 
limited. It is always easily distinguished by 
the circumstances already mentioned in the thir- 
teenth chapter, and by the details of the sub- 
joined catalogue. 


SYNOPSIS OF SERPENTINE. 


First Division. — Opake . 

A. Common serpentine. 

a. With an earthy uniform fracture. 

b. With a splintery fracture, passing to the con- 
choidai. 

. c. With a splintery fracture passing to the gra- 
nular. 

d. With' a granular fracture. 
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B. Softer, and becomirtg gradually sectile : the 
putstone of some mineralogists. 

C. Passing to indurated talc: the potstone of 
others, and enumerated under the head of talcose 
schist. 

Common serpentine is noted for the variety 
of its colours, wliich are either simple, or va- 
riously intermingled, in clouds, spots, or veins. 
The prevailing colours are, green of various 
hues, black, brown, dark red, and purplish 
brown : yellow, pink, lilac, and pale grey, are 
more rare. The variations which result from 
the admixttires of these in different modes are 
infinite. It varies further in aspect, from being 
intersected by veins of noble serpentine, steatite, 
asbestos, or calcareous spar, or from containing 
the imbedded minerals to be enumerated at the 
end of this article. 

Second Division. — Translucent. 

A. Noble serpentine of some mineralogists. 

a. Foliated and splintery. 

b. Conchoidal, or splintery conchoidal. 

The colours of this variety are more limited, 
and are generally the following modifications of 
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green : dark olive, pale olive, dark, or bright 
yellow, green, and pale greyish green. It also 
occurs of a [)ale fawn colour, and %vhite ; and 
there is an esteemed variety consisting of bright 
and very dark green intermixed. Translucent 
serj)entine passes into common steatite, and into 
hard steatite, or figure stone ; nor does it ap[)ear 
to have a much greater claim than these minerals 
to a place in the caUilogue <>f rocks. 

The minerals which chiefly occur imbedded 
in serpentine are the following, and some of 
them, besides diallage, in such abundance as 
materially to modify the character of the rock, 


Diallage, 

l^yropc. 

Asbestos, 

Calcareous spar. 

Amianthus, 

Schiefiir spar. 

Steatite, 

Oxydulous iron. 

Hornblende. 

Chromat of iron. 

Actinolite. 

Hydrophane opal 

Tremolite. 

Chrysolite. 

Talc, 

Idocrase, 

Jade. 



Rocks, composed of ser})entine and carbonat 
of lime, are found of considerable extent, of 
which the verde antico is a striking variety. 
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The space occnjiied !>}■ gneiss is often very 
considerable ; and, in many conntries, it is found 
to bo the most abundant of the j^riinary stratified 
rocks, constituting’ extensive districts, and rising’ 
into mountains of great elevation. In such 
«'ases, it sometimes fonns masses of enormous 
thickness, without any intervening strata of 
another nature. 

In such situations it is often found imme- 
diately following’ granite, and succeeded by the 
•)ther primary strata. But, as already noticed, 
it is also frecpiently observed to succeed one or 
other of th('se, or to alternate in large tracts 
witli tracts equally extensive of many of them. 

Besides these more extensive alternations, a 
large body or series of strata, consisting prin- 
cipally of gneiss, often contains a number of 
alternating strata of other rocks in much iii- 
ferior proportion. The most common of these, 
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as already noticed, is hornblende schist; bnt 
quartz rock and micaceous schist are also not 
uncommon ; and, though much less frequent, 
argillaceous schist is known to occur in a similar 
manner. Such beds have been called subordi- 
nate; a distinction, the propriety of which, how- 
ever questionable it may be, is not a subject for 
discussion in this place ; although, in geological 
descriptions, it is often, not only convenient, but 
necessary, to consider a series of this nature as 
gneiss, and to omit all notice of these inferior 
strata. 

The dimensions of the strata of gneiss are 
extremely various. They are generally very 
considerable where they do not alternate with 
the other strata already mentioned ; but where 
hornblende schist, in particular, abounds, they 
are often very thin. Where they are not sepa- 
rated by the intervention of these and similar 
strata, the distinctions between the different beds 
are generally formed by some change in the pro- 
portions of the ingredients, and principally by 
variations in those of the hornblende or the 


mica. 



GNEISS.' 


251 


AlHioiigli gneiss is a stratified rock, these* 
Veml varieties of which it consists, fnesent that 
disposition in very different degrees. When 
the texture is coarsely granular, and resembling 
that of granite, the strata are generally least de- 
fined ; and, in some such cases, particularly, 
when it abounds in granite veins, it is difficult 
for an inexperienced eye to distinguish it from 
an irregular granitic mass. 

The same difficulty sometimes occurs where 
il is very irregular in position; either from a 
discordant inclination of the approximate por- 
tions, or from flexures and contortions. The 
difficulty is in this ciise increased by the circum- 
stance that such irregtilarities prevail most where 
granite veins are most abundant and such is the 
l onfusiou hence generated, that it often requires 
an eye of no small experience to distinguish 
between the vein and the including mass ; or 
to determine w hat is granite and what is gneiss. 

Further, the granite veins are not necessarily 
transveme to the strata or laminae, but often lie 
in a parallel manner, so as, for short spaces, to 
resemble portions of the stratified structure of 



252 


GNEISS 


the gneiss itself. Such parallel veins are some- 
times mistaken for beds of stratified granite, 
when of considerable dimensions, or when care 
has not been taken to trace their real nature and 
connections. 

The stratification of those masses of gneiss 
which contain few granite veins, is commonly 
very regular and discernible ; and this regularity 
of stratification will be found chiefly to prevail 
m the two varieties distinguished here by the 
terms schistose, and laminar. 

The contortions of gneiss are often extremely 
remarkable, and they occur on a very large, as 
w'ell as on a small scale. Where hornblende 
schist alternates with the strata, they are ren- 
dered very conspicuous by the contrast of colour 
between the two rocks. In some rare instances, 
a sudden change occurs in the position of the 
laminae, as if the rock had been fractured, aud 
the parts reunited at an angle to each other. It 
must be remarked, however, that the contortions 
of gneiss are seldom so minute as to be com- 
prised, like those of micaceous schist, within the 
limits of a specimen. 
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The varieties comprehended under the term 
gneiss are so considerable, that no general de- 
scription of the structure of the stone can he 
given : it is necessary to describe separately that 
of each variety. The three marked varieties of 
structure may be comprised under the granitic, 
the schistose, and the laminar. 

The granitic variety is distinguishable by its 
general resemblance to granite, which it also 
emulates in the iuhiiite variety, intermixture, 
magnitude, and ])roportions of the several in- 
gredients. As already remarked, it frequently 
passes into granite by an undefinable transition : 
and, both this ti'ansition, and tlie resemblance to 
the granitic character, occur chiefly iu those 
cases where the beds of gneiss are in the vicinity 
of granite. At the point of junction, the two 
rocks are sometimes undistinguishable : and a 
similar gradation often ejjjsts in those parts 
which are traversed by granite veins. The dis- 
tinction, as already mentioned in treating {»f 
granite, consists in the general parallelism of 
the mica, or of the hornblende ; or else of some 
otlier ingredients ; from which cause the rock 
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is either aetualiy fissile, or else displays imlica- 
tions of A foliated structure. As that structure 
b^omes mwe perfect, it recedes further from 
granite. 

In the schistose variety, the texture is com- 
monly minute, while the position of the several 
minerals above mentioned, is more accurately 
parallel. Hence the rock is almost always very 
readily fissile ; and, in some instances indeed, 
possesses this quality in such perfection as to be 
applicable to the same purposes as argillaceous 
schist. This variety passes into quartz rock, by 
the loss of its mica, or hornblende, or, some- 
times, of its felspar also ; and, in this case, its 
structure is commonly more granular than hen 
it passes into micaceous schist. When it gra- 
duates into the latter rock, by the loss of its 
felspar, it is generally very distinctly laminar or 
schistose. 

The two preceding varieties are tlie most 
abundant. The laminar is rare, but it occurs in 
several parts of Scotland, as, for example, in Sky 
and in Ardgowar. In this variety, each con- 
stituent mineral is disposed separately, in laminm 
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nearly continuous ; and, as the quartz and the 
felspar are the predominant substances, it is 
marked by considerable peculiarity of aspect ; 
particularly when, as is not unfrequent, the for- 
mer is white and the latter red, or when their 
colours are in any other manner strongly con- 
trasted. When perfect, the laminar variety pre- 
sents no trace of a granular structure ; bat it 
passes into both of the preceding, and thus loses 
its definite character. Although so decidedly 
laminar in composition, it is far less fissile than 
the pre(;eding variety. 

In composition, gneiss fundamentally resem- 
bles granite ; or, the prevailing minerals which 
enter into it are quartz, felspar, mica, and horn- 
blende. 'fo describe the mode in which these 
are combined, would be merely to repeat that 
which has alreadv been said under the head of 
granite. 

But there is one- important variety in which 
compact felspar forms an 'essential and couspi- 
cudus ingredient, and to w'ltich granite atfords 
no parallel. That rock has been without scruple 
ranked in this division, because it accompanies 
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the oi’dinary varieties of gneiss, and also gra- 
duates into them. It does not appear to have 
been described by foreign geologists ; but it can- 
not be considered as an accidental rock, as it 
forms exterior tracts of country on the north- 
west coast of Scotland. 

It must also here be observed, that there have 
been introduced into the synopsis, several com- 
pounds formed of other ingredients than those 
now enumerated as the constituents of gneiss. 
The reasons for this are, that these com])ouuds 
alternate with and pass into the more ordinary 
varieties of that rock, and that no other place 
exists in which they can be arranged. As yet, 
they have either been overlooked by geologists, 
or classed with those other rocks to which they 
are also allied. In the present very imperfect 
state of our knowledge, it seems impossible to 
adopt a better arrangement ; but, to accommo- 
date the student, such varieties, both here and 
elsewhere, wherever 4hey trespass on the charac- 
ter of some other rock, or occur as parts of other 
series, will be found enumerated in two places. 
Such a sajieifluity appeared preferable to the 
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limitation of a given rock to one place, when it 
exists in two. , 

As in granite, manl'^ minerals are found im- 
bedded in gneiss, in greater or less abundance : 
and these, as in the former case, are enumerated 
in an appended list. 

The coloura of gneiss vary from the same 
causes which influence those of granite ; and to 
repeat these would be superfluous. It may only 
be added, that the peculiar structure of this rock, 
by frequently causing the several colours to be 
disposed in stripes, produces a much greater diver- 
sity of aspect in a series of specimens, than can be 
found in a collection of granites. 


SYNOPSIS OF GNEISS. 

FIRST DIVISION. 

Of regular composition, containing at least 
three of the four minerals, quart?:, felspar, mica, 
and hornblende. 
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FiiiST SUBDIVISION. — Granitic. 

Resembling granite, i. e. large grained and 
often losing the foliated structure. 

A. Quartz, felspar, mica. 

B. Quartz, felspar, liombleiule. 

C. Quartz, felspar, mica, liorubleiide. 

These varieties abound in Lewis, Harris, and 
the associated islands. They sometimes contain 
superadded crystals of felspar, thus forming the 
porphyritic gneiss of some authors. 


SECO N D s L B l>I VI SI ON . Scli istOSC, 

The structure foliated, like that of mit aceous 
schist, or granular with a slight laminar tendency, 
like that of quartz rock : — fine grained. 

A. White felspar and quartz in minute grains in- 
timately mixed, with rare scales of mica. The position 
of the mica determines the foliated structure, which is 
however often so very indistinct that the specimens can 
scarcely be distinguished from quartz rock. 

B. The mixture of felspar and quartz finely gra- 
nular as in the former, but the mica so abundant as to 
cause it to resemble certain varieties of a micaceous * 
schist. 

C. The mica so abundant as to form distinct con- 
tinuous lamiriee; and as in these cases it is often very 
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diffirult to di^tiuguisb the felspar from the quartz, the 
specimens are easily confounded with common mica- 
ceous schist. 

D. A schist of foliated mica, with Interspersed 
and large irregnlar crystals of felspar ; the qtiartz being 
scarcely discernible. 

E. All undulated coarse schist, consisting of 
large grains of felspar and of quartz closely packed 
and connected by the smallest possible quantity of 
mica. Occurs in the argillaceous series of the High- 
land southern border in company with micaceous schist 
of the same structure and appearance. 

It may be added that the whole of this sub- 
division presents transitions from gneiss into 
quartz rock and into micaceous schist. Where 
the felspar is red they are easily distinguished: 
when white, it is much more difficult to recognize 
them. 1 may also add that hornblende is, as in 
the first subdivision, an occasional ingredient, 
and that this subdivision also, is occasionally por- 
phyritic. 

This variety occurs abundantly on the west 
coast of Scotland, in Rannoch, and in the middle 
Highland districts of Atholl and Badenoch. 
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THIRD SUBDIVISION. — Lamiuur. 

Each substance occupying a distinct lauiina, 
the quartz and the felspar being sepamted ; some- 
times remainingin contact,at others being divided 
by inten’ening ]amin<e of mica or of hornblende: 
the quartz frequently puts on the muddy aspect 
of chalcedony. 

A. Quartz and felspar in alternating lamina: : be- 
longing, with D, strictly, to the third division. 

B. Quartz, felspar and mica, similarly alternating'. 

C. Quartz, felspar and hornblende, disposed in 
the same matinor. 

D. Felspar and hornblende in alternating la- 
mina'. 

F. Qiuirtz, mica and liornblende ; the two latter 
g'enerally in one lamina. 

The varieties A, B, are abundant iti Glen Elg, 
Ilona and Ardgovvcr; the third occurs occasion- 
ally in various situations. 'Flie qiuirtz is also 
found alternating with mica only, or Avith horn- 
blende only, in the same situations ; but it is 
scarcely necessary to specify these varieties, as 
they ap])ear to be very limited in extent. 

In varieties C, D, the felspar often assumes a 
very peculiar aspect ; consisting of crystalline 
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jjfrains compacted together into adense and some- 
Avhat granular aggregate, and having often a 
glassy lustre. The rocks of this character are 
more easily recognized than described; and they 
abound on the west coast of Sutherland and Ross- 
.shire. 

With respect to the first division I may add, 
that the several varieties enumerated under it are 
occasionally found passing into each other, in all 
situations where gneiss occurs; notwithstanding 
the leading prevalence of one or other of the sub- 
divisions. 


SECOND DIVISION. 

Of irregular composition, containing compact 
felspar, and consisting of that substance united to 
some or all of the ordinary ingredients of gneiss. 
In structure it sometimes resembles common 
gneiss, but more frequently its fracture is like that 
of the non-fissile schists ; presenting no indica- 
tion of lamina;. 

A. Compact felspar with hornblende. This also 
<*ccurs as a variety of hornblende schist. 
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B. Compact felspar with quartz ; in various pro- 
portions. 

C. Compact felspar and chlorite : with gneiss, in 
North Uist. Occurs also as a member of the chlorite 
series of Argyllshire. 

D. Compact felspar, with quartz, and mica. 

E. Compact felspar, with quartz and hornblende, 
or with mica superadded. 

F. Compact felspar superadded, in various ways, 
to any of the preceding varieties of gneiss which con- 
tain common felspar also. 

The substances ranked in this division arc 
frequently traversed by veins of compact felspar, 
often reticulating in an intricate manner, and so 
numerous as to form a large proportion of the 
rock. The predominant colours in the compact 
felspar are various shades of grey, but green is 
also very common. They occur abundantly, 
sometimes in connexion with the varieties of the 
first subdivision, in Sutherland and Rossshire ; 
and are also found in North Uist and West Roiia, 
where they are connected with and pass into 
argillaceous schist ; forming a compound included 
in the next division. 
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THIRD DIVISION. 

Of irregular composition, being either defi- 
cient in the number of ingredients required to 
meet the definition of gneiss, or containing some 
substance not included in that definition. 

A. Quartz and felspar; simply laminar and at 
the same time granular. The foliated disposition here 
results from the crystalline position of the felspar. 

B. Hornblende and felspar, foliated and some* 
times imperfectly schistose. Analogy and geological 
connexions claim a place here for this rock ; it is how* 
ever the primitive greenstone of some, and the horn- 
blende schist of other authors. It is also described 
under the head of hornblende schist. 

C. Felspar and micca. — Lewis, &c, 

D. Felspar and clay slate. — Isla, Lewis. 

E. Felspar and chlorite schist. — Gigha, Sky, 

F. Felspar, quartz and chlorite schist. — Sky. 

G. Felspar, quartz and clay slate, — North Uist. 

H* Felspar, quartz and talc.— Scalpa, (West.) 

I. A granular mixture of felspar and quartz in 
one lamina and clay slate in another. 

K. The same with chlorite schist instead of clay 
slate.— Sky. 

L. The same with grey wacke schist, ditto. 

M. Compact quartz with imbedded grains of fel- 
spar, in one lamina, and the same schists in the other.— 
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N. Schistose felspar coiitoiningf crystals of horn ^ 
blende interspersed. — Glen Till. 

O. A ctinolite occupying the place of hornblende, 
— Sutherland. 

P. Compact felspar, argillaceous schist, and any 
one or more of the other ingredients of gneiss. — Lewis. 
Loch Carron. 

Of all these I ma}* remark, that the geological 
position and geneml features are the same as those 
of the most ordinary gneiss, and that they often 
pass into the regular varieties. It is perhaps 
superfluous to remark, that although I have tints 
distinguished the varieties of gneiss hy fixed divi- 
sions, there ai’e, as in all cases of compound 
rocks, intermediate gradations which cannot he 
decidedly referred to either. But I may observe 
that many other combinations probably exist, and 
that an ideal catalogue of much greater extent 
might easily have been formed. The present 
enumeration has been rigidly limited to the 
varieties actually observed. 

No division is here made of those varieties 
which contain occasional minerals, however 
jabundant, or in whatever manner disjiosed, 
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The following are those of most usual oc- 


icurrence : — 


Epidote. 

Garnet. 

Actiiiolite. 

Quartz. 

Felspar. 

Horn blende. 

Fluor spar. 


Carbonat of lime. 

Zircon. 

Tourmalin. 

Melanite. 

Idocrase. 

Oxydulous iron. 

JVIolybdena. 


(iarnet and Epidote are sometimes so abun- 


dant as to modify the character of the rock. The 
(|uartz and hdspar present various colours and 
characters; more set than in any other rock in 
which they occur. 

Many other minerals have been occasionally 
described as found in gneiss, but the true reposi- 
tories ofthe.se appear to be the granite veins : or, 
at least, sufficient care has not been taken so to 


distinguish between the two cases, as to admit ol 
their being here enumerated. The preceding 
list includes those which have been observed in 


the giieiss itself. 


It does not appear, that the geological rela- 
tions of the Topaz rock of Werner have been 
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satisfactorily ascertained ; but 1 am induced to 
give it a place here, in an appendix, from its 
foliated structure and general characters. To 
whatever family it may belong, it appears, at any 
mte, to have no claim to a separate place as a dis- 
tinct geological formation. 

It is a compound of quartz, schorl, mica, and 
lithomarga, or of (juartz, schorl, and lithomarga, 
containing topazes imbedded. 
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MICACEOUS SCHIST. 


T HE uncertain position of micaceous schist 
with respect to the t>ther primary rocks, has al- 
ready been stated as far as is necessary for the 
objects of this work. Like gneiss, it generally 
forms extensive tracts of country and ranges of 
high mountains, blit is sometimes also found oc- 
cupying very sniall spaces, in alternation with 
iither primary strata. The consecutive beds 
therefore, constitute, in some cases, masses of 
great thickness; while, in 011161*8, they may be 
found not exceeding a few feet in dimensions, 
and forming a very- unimportant part of some 
s(Ties composed principally of other substances. 
In gneiss, as already shewn, it sometimes occurs 
in beds of very inferior dimensions ; and, in the 
same manner, it is found accompanying quartz 
rock, with which it is often very extensively as- 
sociated, as will be more particularly detailed 
hereafter. 
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The individual strata in a series, are eciually 
variable in dimensions, but are most commonly 
very thick where that series contains no inter- 
vening substance. They are often indeed of a 
thickness so great, and are, at the same time so 
imperfectly defined or separated, that the stratified 
nature of the rock is only to be deduced from a 
knowledge of its general characters, and not 
from any appearance* visible in the spot under 
examination. The difficulty of determining this 
point is greatest, as in gneiss, where the disposi- 
tion of the beds is least regular, or where they 
are much bent or contorted. 

When the beds of micaceous schist are not 
separated by any intervening rock, they are dis- 
tinguished, like those of gneiss, by some change 
in the proportions of the constituent parts, and 
the actual separation takes place where the mica 
is most abundant. 

The flexures above-mentioned as occuiring 
in this rock, are often so great as to amount to 
contortions. But in many cases of contortion, 
where the intricacy and minuteness of this struc- 
ture is very considerable, this feature appears to 



MICACEOUS SCHIST. 


269 


be independent of the bed, and to involve the 
laminae of which the stratum is formed, without 
affecting the stratum itself. Many interesting 
geological considerations, not admitting of exa- 
mination in this place, are connected with this 
subject. 

Ill all cases, whether straight or contorted, 
the structure of micaceous schist, like that of 
gneiss, is foliated, or laminar; and, as in that 
rock, tlie lamina? are more or less easily sepa- 
rated, or the rock is more or less easily fissile, 
according to the proportion and mode of dispo- 
sition in which the mica enters into the com- 
pound. In some instances, it may be separated 
into slates adapted to oeconomical uses ; in 
others, the laminar fracture is very irregular and 
imperfect. Such lamina; are sometimes straight, 
like the general structure of the bed ; but, with- 
out exhibiting actual contortion or flexure, they 
are often minutely undidated. These undula- 
tions, like the contortions, are ahvays most sen- 
sible on the ti-ansverse fracture,- but that frac- 
ture can scarcely ever be neatly effected but by 
the action of gunpowder; as a less degree ol’ 
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force, only separates the lamiiiae, or producca <i 
v&y iiregnlar transverse surface. 

It is yet unsettled whether, in all cases, the 
laminar structure of micaceous schist is paraHel 
to the plane of stratification, or whether it may 
not, as in argillaceous schist, be sometimes at 
angles to that. But if the minute undulations 
be excepted, no observations as yet prove the 
latter; and, from the analogy of gneiss, where 
they appear to be always coincident, it is probable 
that the former is tme. 

Micaceous schist, as it differs from gneiss in 
composition, differs only from that rock in not 
containing granite veins as a frequent fcatinc. 
Wherever these are found, they occur only, as in 
other rocks, where it is in contact with granite ; 
and the veins are then limited to a small distance 
from the mass of that substance ; being ramifica- 
tions from some larger intruding vein, or from 
the principal rock, and, commonly, easy to trace. 
But it is subject to be much penetrated by quartz 
veins, either transverse or parallel to the laminae ; 
and, where these are contorted, the veins follow 
hose contortions. 
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The texture of micaceous schist is various ; 
being coarse, or fine, according to the magnitude 
and disposition of the parts of which it is formed. 
The aspect of the fracture is equally various ; 
depending, moreover, not only on this cause, but 
on the direction which it bears towards the 
laminae of the stone. Thus, in a parallel frac-- 
ture, a smooth surface of mica alone will often 
appear ; while, in the reverse direction, quartz 
only, is sometimes visible. 

Whether the texture of micaceous schist is to 
be considered as crystalline and granular, or 
laminar, depends on the particular variety under 
examination. In many cases, where the mica is 
not only abundant but continuous, it is strictly 
laminar. Where that is abundant, but less con- 
tinuous, it is either minutely and imperfectly 
laminar, or scaly ; and where the quartz, on the 
contrary, predominates, or is irregularly inter- 
mixed with the mica, it is scaly and granular to- 
gether, or almost purely granular and crystalline, 
or continuously crystalline. In all these varieties 
of texture, it corresjionds very nearly with gneiss ; 
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which, in most other particulars, it so strongly 
resembles. 

It is a theoretical question whether this tex- 
ture is the result of chemical action or of mecha- 
nical disposition, and therefore not adapted to 
the present work. But it may briefly be re- 
marked, that the parallel position of the mica 
may be accounted for on either supposition; 
while, with respect to the quartz, it certainly, in 
every case, even where most granular, is united 
by the intervention of a ciy’stalline cement of the 
same substance. 

Nevertheless, certain varieties of micaceous 
schist occur, which possess the unquestionable 
characters of a compound, at least partly mecha- 
nical. In these, fragments of granite, of quartz 
rock, and of limestone, are imbedded in the ge- 
neral mass ; resembling, thus, the conglomerates 
Avhich accompany the sandstones. 

Moreover, in certain places in Scotland, 
where small beds of micaceous schist alternate 
'vith clay slate and graywacke, oi with coarse 
and fine argillaceous schists, some remarkable 



MICACEOUS SCHIST. 


273 


v;ii ielies occur which resemble exactly in their 
texture tliose varieties of graywacke of which 
the texture seems almost purely mechanical. In 
these, the grains of quartz appear to be merely 
agglutinated without the intervention of a proper 
siliceous cement, while they also bear marks of 
[irevious attrition. In such specimens also it is 
very remarkable, that, as in the analogous gray- 
wackes, the grains in any one bed preserve an 
average general size, whether coarse or fine ; 
and that the two are scarceh ever intermixed in 
the same. In these also, the quartz is princi- 
pally united by the smallest jiossible quantity of 
intervening nnca, which follows the minute un- 
dulations produced by the jiacking of the irre- 
g'ular gravel, producing an lUKiulated and pe- 
culiar appearance on the transverse fracture 
which is highly characteristic. 

It is scai’cely^ now' necessary to say that the 
minerals of w hich this rock is formed are, essen- 
tially, quartz and mica, To'the varying pro* 
[Mirtions and disposition of these, are owing ail 
the leading varietie.s which are found in this 
rock. As it differs from gneiss, chiefly in ex- 

T 
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eluding felspar, so it easily passes into that rock 
by the admission of this mineral. With g’reater 
facility, it passes into quartz rock ; as the same 
ingredients form one of the chief varieties of that 
substance ; nor indeed is it often possible to de- 
termine to which of these two, any specimen, 
or even stratum, ought to be laderred. 

As the limits between chlorite and mica are 
evanescent, or, at least, as no eHectual ilistinction 
between tlie two has jet been discovered, mica- 
ceous schist easily jiasses into chlorite schist ; 
and, although more rarely, it seems also to pass 
into talcose schist, producing indefinite varieties 
which are noticed in the subsequent <‘atalogue. 
In some rare instances also, it presents transitions, 
bijt less perfect, into the finest varieties of argil- 
laceous schist. 

Besides the essential minerals above men- 
tioned, hornblende, chlorite, and talc, sometimes 

* 

occur in micaceous schist, in such abumlauce as 
materially to modify its character ; occasionally 
firoducing transitions into the rocks characterized 
by these ingredients, which it appeared conve- 
nient to enumerate in a particular division. 
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Cai’honat of lime occurs in a similar maimer, 
Imt rarely. 

Many minerals, hereafter noticed in the Sy- 
nopses, are occasionally found imhedded in this 
rock. Ainoii"' these, <>'arnct is eminently con- 
spici urns ; as it sornetiincs ahounds to such a 
deii’i’ci' as almost to eijiial in quantity the includ- 
in'*' rock, and thus inateri.ally tt» aftect its charac- 
ter. Whatever singularity or beauty such varie- 
ties may jiresent, from <‘ontainin,e' one or more of 
these extraneous minerals, they require no further 
notice than that uliich is i>iven of them in the 
list appended to (he catalogue of varieties. 

The colours of ini<‘a«‘eous schist offer veiy 
little variety. W ilh tlie exception of those which 
contain a conspicuous ejuantity of imhedded e.x- 
traneous minerals, or pass into chlorite schist, 
they present tints of grey alone; the mica vary- 
ing from A\hite to hlai'k, and the quartz being 
almost invariably colourless. The degree of 
colour, in these cases, depends chiefly on the 
proportion of mica in the compound. 
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SYNOPSIS OF MICACEOUS SCHIST. 


FIRST DIVISION. 

Consisting of mica and quartz. 

FIRST SUBDIVISION. — Simply laminar, 
or foliated. 

A. Formed of mica, continuously laminar, with 
scarcely a discernible proportion of laminar quartz. 

A variety of considerable beauty arises from 
the mica occasionally presenting two distinct 
colours, as white and black, or greenish and 
grey. Many of these specimens appear to con- 
sist of mica only, but 1 believe that quartz is 
never entirely absent. 

B. Formed in the same manner, but the propor- 
tions of the ingredients reversed. 

Ill this case, the cross fracture presents the 
aspect of quartz rock, while the mica alone is 
visible in the laminar fracture. 

C. The continuity of the mica becoming inter- 
rupted, and the quartz becoming granular. 
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The varieties of this are endless, and it passes 
hotJi into quartz rock and into gneiss. 

D. The mica greenish, and more tender ; thus 
approximating to chlorite schist, yet forming large 
tracts of coujitry without passing decidedly into that 
rock. 

In point of disposition, this variety comprises 
all the modifications above named. 

E. The mica grey, but tender ; and thus approxi- 
mating to talcose schist, a rock which appears to be 
frequently subordinate to the present, and to occupy 
very limited spaces among its beds. 

F. Modifications similar to the preceding two; 
but the passage being, in this case, into clay slate. 

The chief instances of contortion are found 
in this subdivision. 


SECOND SUBDIVISION . — Graiiulurly laminar. 

A. Granular quartz uniformly mixed with scales 
of mica in a parallel position, by which the laminar 
fracture of the rock is determined. 

B. Granular quartz, occupying distinct laminae, 
which are separable, in consequence of the interposi- 
tion of scales of mica congregated into distinct spots. 

C. Granular quartz divisible into laminae, between 
which distinct, and often distant, scales of mica are 
interspersecL 
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These two, like the former, pass into quarlz 
rock, and into gneiss. 

D. A rock of similar coiistriifTion, with this dif- 
ference, that the mica is further disposed in a longitu- 
dinal manner, so as to give the stone a fibrous appear- 
ance on splitting. 

Many of tin's and of the preotHliiig variety 
admit of being polished, like the analogous spe- 
cimens of (jnartz rock, into which they jtass. 
Those which are most compact and sparkling, 
form the mineral known by the tiame of avantu- 
rine; the most esteemed variety of w hich is of 
a reddish yellow, or brown, colour. 

E. The mica imperfectly parallel and scaly, being 
bent round the grains of quartz, which are often of 
large size ; that flexure, in the latter case, giving a 
very peculiar character to the rock, particularly in the 
transverse fracture. Thus, in some instances, it has 
the general aspect of gneiss; in others, that of the 
graywacke schist which accom[iunies the clay slate of 
the Highland border. - 

It occurs in that situation, in Bute, and 
elsewhere. 
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SECOND DIVISION. 

Cornpoimded of three or more ingredients. 

A. Micaceous schist of many of the preceding 
varieties, containing hornblende in minute crystals, or 
in larger crystals or concretions. 

This is not uncommon in Perthshire. 

B. The same, containing felspar, and thus pass- 
ing into gneiss ; already alluded to under a preceding 
head. 

C. Containing chlorite or talc superadded, and 
thus passing into chlorite schist, or talcaceous schist. 

D. Irregularly compounded with more than one 
of the above-named ingredients, so as to pass out of 
the arrangement. 

E. Micaceous schist, containing carbonat of lime 
ill addition to the ordinary ingredients; that substance 
so much resembling felspar, that the rock is easily 
mistaken for gneiss. 

This variety seems limited and rare. Ob- 
served in Perthshiie only. 


THIRD DIVISION. 

Conglomerated. 

Containing superadded fragments of granite, 
quartz rock, limestone or other substances. 
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This rock is Ibuiid in Isla, in the Garvcloek 
Islands, in Rannotdi, and elsewhere, alternatint*’ 
with the general series, and it must therefore he 
considered as a regular bed. In other cases, 
possibly, it may be analogous to the local con- 
glomerates that are found at the meeting of two 
rocks of different kinds. 

I must add to this enumeration a variety 
which is, in a certain degree, distinct from any 
of the former, although it can only be considered 
as an accidenfcd modihcation. Any one of the 
preceding may put on this aspect, which occurs 
in the vicinity of granite. The ingredients are, 
in this case, so strongly cemenh'd as to be inse- 
pamble, and, sometimes, almost undistinguisli- 
able. It is not enumerated Avith the siliceous 
schists, because it has not liccn the practice so to 
do ; but it bears a strong analogy to the primary 
varieties of these, 

Under the jircceding heads, as far as I have' 
observed, every variety of micaceous schist may 
be arranged ; although the diversity of aspect is 
so great as to I'onvey an idea of the e.xistencc of 
nn infinitely greater number. These diversities 
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will be found to consist in the varying propor- 
tion, colours, compactness, undulation, and dis- 
tribution of Ihe parts. In Rannoch and Schihal- 
lien a variety occurs, in which large crystals of 
mi<‘a are siiperadded to the general composition 
of the rock. 

The following minerals occur embedded in 
micaceous schist. I'he garnets are sometimes 
perfectly crystallized, at others very obscure. In 
this lattei’ case, their mineml composition is often 
so imperfect, that they are scarcely discernible, 
except by their superior hardness and persistence 
after the rock has iveathered. 


Canict. 

Actiiiolite. 

Epidote. 

Tourmalin. 

Beryl. 

rVirundum. 

"^faurotide. 


Andalusite. 

Pycnite. 

Prehnife. 

.Apatite. 

Oxydulous Iron. 
Pyrites. 
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Although chlorite schist does not, like ihe 
preceding rocks, form any extensive tracts in na- 
ture, as far as the observations of geologists have 
yet extended, and although its characters are not 
in all cases very definite, it is sufliciently distinct 
from micaceous schist in many points, and suffi- 
ciently remarkable with respect to some of its 
connexions, to require a separate place in a clas- 
sification like the present. 

As it has not hitherto obtained such a place in 
the only geological arrangements of rocks which 
have been published, and as it also appears to 
have received but a small degree of attention 
from geological writers, the observations which 
relate to it are drawn solely from the appearances 
which it presents in Scotland. 

Its predominant association is with micaceous 
schist, into which it passes, in so gradual a man- 
ner, that different observers rarely coincide in 
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opinion respecting- the name. It is in these cases, 
however, that it forms the most continuous and 
extensive masses, however imperfectly defined its 
characters may often he. Under these circum- 
stances also, it so exactly resembles micaceous 
schist, in the disposition, the thickness, and the 
other general charactei-s of its stratification, that 
it is sujUrfl lions to state these circumstances more 
particularly. 

But it also occurs in association with gneiss ; 
vdternating with its lieds, and even entering, as 
ali'cady noticeil, into the composition of some of 
the varieties, so as to pass, by a transition, more 
or less complete, into the ordinary and perfect 
kinds of that rock. 

Not unfrequently also, it is found accompa- 
nying the argillaceous schists, into which it some- 
times further passes ; by transitions, however, of 
no very perfect nature. In one extensive tract in 
Scotland, it is thus seen alternating and inter- 
mixed in a very irregular manner, not only -with 
that rock, but with micaceous schist, and with 
some varieties of gneiss, as well as of primary 
limestone ; forming a series of great interest in a 
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geological view, which is fully described in that 
M'ork on the western island to which the reader 
is here so often referred for the authority of many 
of the present statements. 

In the same work, a full account, inadmissible 
in this place, will also be found of its association, 
in a very peculiar series, with hornblende schist, 
quartz rock, micaceous schist, and oth^ strata ; 
in which series it presents the greater number 
of the very peculiar varieties u hich are enume- 
rated in the subjoined catalogue. In that list are 
also enumerated those transitions and modifica- 
tions, as yet undescribed, which it is unnecessary 
to dAvell on in these prefatory remarks. 

Although, when associated with micaceous 
schist, it often forms beds of considerable dimen- 
sions, the strata are commonly thin in the cases 
last enumerated, and often indeed of such tenuity 
as not to exceed a few inches. In such instances, 
it is, commonly, very accurately fissile, and not 
unfrequentlyso continuously laminar as to be ap- 
plicable to architectural purposes, as a substitute 
for common slate. More frequently, however, 
the constitution of chlorite schist is too tender. 
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and the laminar structure too little continuous, to 
admit of this application to use. 

Where the beds are thicker, and approximate 
more in character to micaceous schist, it is also 
frequently, like that rock, very imperfectly, or at 
least irregularly iissile ; and, in the same manner, 
it presents similar contortions and undulations. 
Even in the most perfectly laminar varieties of 
this rock, minute undulations are very frequent; 
and as the lustre of the parallel fracture is often 
so considerable as to approach to the metallic, 
such specimens are exceedingly beautiful and 
often highly splendent, even in larger bodies. 

In the minuter circumstances of texture, chlo- 
rite schist partakes, not only of the charactei’s of 
micaceous schist already described, but, under 
its other modifications, of those of gneiss also ; 
and, although more rarely, even of those of argil- 
laceous schist. It is unnecessary to detail these 
circumstances where they resemble those which 
occur in micaceous schist, as it would be merely 
to repeat what has already been said on that sub- 
ject. It need only be observed, that the same 
double character of a chemical and a mechanical 
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deposit is visible ; except, that in no instance as 
yet, within my observation, it Ijas been found 
contain fragments of other rocks. Where the tex- 
ture assimilates to that of gneiss, it presents simi- 
lar undulation, or roughness, in the parallel frac- 
ture ; is more or less coarsely granular in the trans- 
verse, and is often undistinguishable from it with- 
out a careful examination. 

The textures of those varieties ^rhich approxi- 
mate in character to the coarsen ami fine argilla- 
ceous schists, or to graywacke and (.‘lay slate, are 
in every respect the same as tliose M’hich occur in 
these rocks. In the first, the grains of quartz 
seem to form a mechanical rather than a chemical 
assemblage ; varying much in the magnitude of 
the parts, often bearing the apjiarent marks of 
previous attrition, and being also separated in 
laminae more or less distinct, by the iuteiTening 
chlorite. As in those varieties of micaceous 
schist which present a similar character, this sand 
or gravel of quartz, not unusually possesses an 
average general size, whether large or small, in 
one bed ; and the union produced by the smallest 
admissible quantity of chlorite. Tims the trans- 
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verse fracture often presents quartz only, while, 
on the parallel, the other constituent is visible. 
In those varieties which resemble fine clay slate, 
the rock consists almost entirely of an imperfect, 
or argillaceous, foliated chlorite, finely laminar, 
with an earthy aspect on the cross fracture, and a 
shining smooth one on the parallel surfaces. 

The minerals peculiarly essential to the 
composition of chlorite schist are quartz, and 
foliated chlorite. Whatever difficulty mine- 
ralogists may find in assigning a determinate 
character to the latter substance, it must not be 
confounded with scaly chlorite ; } et the frequent 
occurrence of this more definite mineral in chlo- 
rite schist, and the varying degrees in which 
foliated chlorite approaches to it, prove that there 
is an affinity between the two. The green hue of 
foliated chlorite is the most convenient empirical 
character by which it can be distingoiished from 
mica, and by which, consequently, chlorite schist 
can be distinguished from micaceous ; but it 
must be added, that the former mineral is more 
tender and more fiexible than the latter, and 
possesses more of that saponaceous feet which 
characterizes tab-. 
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Among the less essential minerals which some- 
times enter into the composition of chlorite schist, 
felspar, hornblende, mica, actinolite, and com- 
pact felspar, sometimes abound so as to modify 
its characters. Where the former is present it 
passes into gneiss ; and the varieties which con- 
tain the three latter are also enumerated in the 
synopsis, as they form extensive rocks, of very 
peculiar aspects, which seemed to merit that dis- 
tinction. 

The best characterized specimens of chlorite 
schist are of a greyish green hue ; and from that 
colour, they vary, by an imperceptible transition, 
to the more common pale grey of micaceous 
schist. It may also be observed, that the green- 
est specimens commonly present the greatest de- 
gree «»f lustre. 
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SYNOPSIS OF CHLORITE SCHIST. 


FIRST DIVISION. 

Simple : of chlorite only. 

A. Foliated chlorite; plain, or undulated; with 
minute, or u'ith large undulations. 

The lustre is sometimes considerable ; being 
silky, or even pseudo-metallic. The colour 
varies from dark to very pale sea-green. 


SECOND DIVISION. 

Compound : of ttvo ingredients. 

FIRST suBoivisiON. — Foliated or simple laminar 
and alternating. 

A. Foliated chlorite with laminar quartz. 

B. Foliated chlorite with granular quartz. 

C. Foliated chlorite with laminar felspar. 

D. Foliated chlorite with grains or imperfect crys- 
tals of felspar disposed in a laminar manner. '' 
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SECOND SUBDIVISION. — Granularlij laminar; 
mixed. 

^\. Scaly, *inperfectly foliated chlorite with 
<]uar(z sand. 

a. Large grained, with a rough granular fitic- 

ture. 

b. Siiiail grained, with a homogeneous aspect, 

and, often, scarcely fissile. 

c. The preceding varieties passing into gray- 

wacke schist and into clay slate. 

B. Scaly chlorite with large grains of tjuartz. 
Analogous in structure and appearance to the var. of 
micaceous schist E. first div. second snbdiv. 

C. Scaly chlorite with large imperfect crystfils of 
felspar; similar to the former in structure, and reseni- 
bling granitic gneiss. 

D. Scaly chlorite, highly compacted, with minute 
grains of felspar interspersed : difficultly fissile. 

a. Scaly and somewhat granular. 

b. Scaly and somewhat fibrous. 

E. Scaly chlorite intermixed with hornblende, or 
with distinct particles of hornblende imbedded, and 
passing into hornblende schist. 

F. Scaly chlorite intermixed with act iuolile : very 
compact, difficultly fissile, and sometimes presenting 
an imperfectly fibrous texture. 

G. Scaly chlorite with mica: passing into micace- 
ous scltiH* 
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THIRD DIVISION. 

Conipoiiiicl : with three or more ingredients. 

iTKsr SUBDIVISION. — Laminar, alternating. 

A. Foliated chlorite, felspar, and quartz. 

This is enumerated among the varieties of 
gneiss, but is also introduced here, as it occurs 
in botli series, and is equally entitled to a place 
in each. 

.SECOND SUBDIVISION. — Granularly laminar ; 
mixed. 

A. Scaly chlorite, (piartz, and Adspar. 

D. Scaly chlorite, felspar, and mica. 

C. Seal}’ chlorite, hornblende, and mica. 

D. Seal}’ chlorite, hornblende, quaiiz, and green 

compact felspar. 

The preceding enumeration will, 1 believe, 
contain all the varieties that can be included under 
this head ; and, as in other instances, they pre- 
sent transitions into different rocks ; a circum- 
stance of universal occurrence among the mineral 
compounds, and which must always render any 
arrangement, to a certain degree, arbitrary'. 

The only minerals hitherto observe^Jil chlo- 

V 2 
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rite schist, besides the constituents of the rock, 
are the following : 

Common and crystallized chlorite. Brown spar. * 
Quartz, coloured gTeeti by chlorite. Tourmalin. 
Scaly, and octoedral oxydulous iron. Pyrites. 
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This rock is now for the first time introduced 
into a geological arrangement, though it is often 
mentioned by writers, and fre<juently found in 
the cabinets of collectors. 

Although it is not common, and, where it is 
found, isalso very limited in extent when compared 
Avith the other primary strata, it seemed impos- 
sible to avoid giving it a place here ; as it occurs 
in the form of a rocky stratum in alternation with 
other substances, and cannot be considered as a 
variety of chlorite or of micaceous schist, when 
the three minerals which give the character to 
these compounds, are considered distinct. 

As the space which it occupies is commonly 
very small, the strata are neither very thick nor 
persistent : and, in some cases indeed, it occurs 
in such minute quantities, that, were there no 
examples of its existence in larger masses, it 
might without inconvenience have beeii^mitted 
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ill a classilication of rocks, and enumerated as a 
modification of tlie simple mineral, laic, whence 
it derives its name and character. 

It is sometimes found to form thin beds in a 
series of giipiss, in which case it is often asso- 
ciated with the hornblende schist or actinolite 
schist, which so often occur in the same situation ; 
and it, commonly also, in these cases, is con- 
spicuous on account of the imbedded extraneous 
minerals, such as actinolite and cyanite, wliich it 
contains. 

In a series of micaceous schist, it may also 
sometimes be observed tliat a gradual change of 
character takes place in some of the beds, and 
that they ultimately pass into this rock ; which is 
thus found occupying a certain limited space in 
the series, viay often presenting the form of an 
imbedded and stratified mass ; since such collec- 
tions of strata of talcose schist, are generally 
thick in the middle, and gradually evanescent .at 
the edges. Sometimes the transition takes place 
by the intervention of chlorite schist ; and talcose 
schist is also, in a similar manner, sometimes 
found imbedded in a series of this rock. 
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In a few rare inslances, it has been found im- 
bedded in argillaceous schist ; but, as far as I 
have observed, it is, in this case, generally small 
in quantity, and often so very limited as scarcely 
to deserve notice as a separate rock. 

In all these cases, and more particularly in the 
two former, it is generally associated with some of 
those minerals, such as steatite and asbestos, 
which possess a kind of mineral affinity to talc ; 
and is also not unfrequently accompanied by 
small bodies of serpentine. 

The last as.sociation to be pointed out, is that 
with the more extensive masses of serpentine, 
which is scarcely however sufficiently distin- 
guished from the former ; since these masses 
must also be considered as included in the pri- 
mary strata in which it is found. The boundary 
between the serpentine and the including rock, 
in these cases, is not unfrequently observed to 
consist of talcose schist ; and it moreover some- 
times happens, that there is a transition between 
the two rocks, formed by massive scaly talc pass- 
ing into potstone. 

Talcose schist presents no particular varieties 
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of structure requiring notice; and, as far as I 
have observed, it does not occur in a contorted 
state, like micaceous schist ; although it is some- 
times minutely undulated. 

Its mineral composition resembles that of the 
two preceding rocks, as it may consist either of 
talc alone, or of talc and quartz, together with 
some less essential minerals. It is always suffi- 
ciently distinguishable from those rocks by the 
peculiar charactei's of the talc, and its colours are 
generally limited to white, lead grey, and dark 
obscure green. 


SYNOPSIS OF J ALCOSE SCHIST. 


FIRST DIVISION. 

Simple : of one ingredient. 

A. Schistose talc. 

a. Scaly and foliated. 

b. Scaly and semigranular. 

c. Minutely scaly-granular and indurated : the 

potstone of some mineralogists. 
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Tliis variety passes into serpentine, and is 
enumerated under that head. 

SECOND DIVISION. 

Compound : of two ingredients. 

A. Talc, and quartz : foliated ; the quartz vari- 
ously disposed, and the rock bearing a general analogy 
to micaceous schist, into which it passes. 

B. Talc, and foliated, or scaly, chlorite : passing 
into chlorite schist. 

C. Talc, and felspar. 

D. Talc and argillaceous schist: passing into 
common clay slate, and enumerated also under that 
head. 

E. Talc, and serpentine ; passing into serpentine. 


THIRD DIVISION. 

Compound : of three ingredients. 

A, Talc, quartz, and felspar, 

B. Talc, quartz, and mica. 


The following minerals occur in talcose schist. 


Xsbestos. 

Actinolile. 

ryanite. 

Diallage, 


Automalite. 
Chromat of iron. 
Pyrites, 
Staurotide. 
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1 liWE thought it necessary, in tlie present 
arraugemciit, to I'ank under this general title a 
variety of rocks, which, however agreeing in 
tlieir general characters and geological relations, 
have been distinguished by different names by 
other geologists^ 

Those names, as they are used in this coun- 
try, are the following ; hornblende rock, horn- 
blende schist, primitive greenstone, and green- 
stone slate ; it is unnecessary to enumerate the 
temis sometimes employed for the same purpose 

by foreign geologists, as they only increase the 
obscurity of the subject, and have already gene- 
rated much confusion. The reasons why three 
of those names are rejected, are the following. 

It will, I believe, be found, that wherever 
hornblende rock occurs, it is only a portion of 
those beds of which the greater parts present the 
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same characters as hornblende schist ; and, that 
if it is ever deficient in the schistose structure, 
the limits are evanescent. Further, the non- 
schistose varieties of tins rock, are always inter- 
stratified M'itli the other seliistose rocks which 
they accompany, commonly in their beds ; while, 
where numerous altcrnayons occur, as is gene- 
rally tlie case, some of the beds will be found 
deficient in the sclustose structure, w'hile others 
possess it in different degi*ees. Lastly, the same 
bed Avill, in one part of its progress, present a 
laminar or schistose, in another an uniformly mas- 
sive structure. 

I'he term primitive greenstone is applied to 
this rock whenever it consists of an intermixture 
of felspar and hornblende, and is not schistose ; 
not very correctly, since, in almost every case, 
the felspar is either red or white, and the horn- 
blende black. But the chief objection to its use 
is the follow ing’. The greenstone of the trap fa- 
mily is often found in the form' of veins intrud- 
ing into the primary as into the secondary strata ; 
and, in a feiv instances, these veins are so far pa- 
rallel as to admit of being confounded with real 
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beds. Such masses of greenstone can often be 
proved to be, not only of later date than the pri- 
mary rocks into which they intrude, but even to 
be connected in some other part with the upper- 
most of the secondary strata, or to be posterior to 
these. But, by the same geologists, their affinity 
being understood to be regulated by their posi- 
tion, these substances have also been called pri- 
mitive greenstone. Thus two rocks are con- 
founded together which, in their origin and con- 
nexions, are amongst the most remote; and it 
has consequently haj)[)ened in geological descrip- 
tions, drawn up by those who judge rather from 
the nature of a rock than its connexions, that 
serious errors have been committed. By limit- 
ing the term greenstone to the trap family, such 
errors are easily avoided or prevented. 

The objections to the term of greenstone 
slate are not perhaps so strong, as the additional 
word slate has not so often been used in discrimi- 
nating any of the greenstones of the trap family. 
But on account of the exact analogy subsisting 
among these several rocks, in each of these dis- 
tinct families, and the total distinctness of the fa- 
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milies themselves, it seemed prudent to avoid the 
use of a term, which, while it is unnecessary, 
might also be a source of confusion. One of the 
principal objects in view' in this arrangement, 
has been to facilitate geological descriptions and 
to diminish the ambiguity arising from a misap- 
plication of terms. In describing rocks for any 
other purposes, it is still in the powder of those 
who prefer the use of the terms which have been 
rejected, to have recourse to them ; as they are, 
with this view, most commonly mentioned in the 
catalogues of varieties. 

Hornblende schist rarely occurs indepen- 
dently, or in such a manner as to form extensive 
tracts Avithout the interference or alternation of 
some other priniary rock. The only large iiiitss 
of this nature known to me, forms the mountain 
of Ben Lair in Ross-shire. 

It is most commonly associated w'ith gneiss, 
and generally in strata of very moderate dimen- 
sions, often of great tenuity. This association 
is so intimate, and, in many instances, the horn- 
blende schist is in so small a proportion to the 
gneiss, that it has been considered a suhordiimte 



802 


HORNBLENDE SCHIST. 


rock, In other cases, however, the former equals, 
or even exceeds the gneiss in quantity, so that the 
terra subordinate is in no rational sense applicable 
to it. Whatever theoretical views may be im- 
plied in this term, they are not matters for inquiry 
in this place. 

Where it occurs in this association, it com- 
monly follows all the contortions of the gneiss, 
and is traversed by the same granite veins : a 
fact which only proves that these veins are poste- 
rior to the whole series. In other cases, horn- 
blende schist may follow gneiss without exhibit- 
ing that appearance ; which equally proves that, 
in these, it is posterior in origin to the time at 
which the granite veins penetraterl the inferior 
strata. It is also found, but less conspicuously, 
in Scotland at least, interstratified with those va- 
rieties of gneiss, formerly described, which are 
more evenly disposed and contain no granite 
veins. In all these instances it passes into the 
gneiss by alterations in the proportion of the 
leading ingredient, hornblende, and by the ac- 
(juisition of the quartz which is neai ly essential 
to the couipf)sition of that rock. 
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Hornblende schist is far less commonly asso- 
ciated with micaceous schist, but is also found 
in that situation, forming occasional beds of very 
various dimensions. In these instances also, it 
sometimes passes into the micaceous schist by 
means of those varieties of the latter rock already 
mentioned under that head. Such intermediate 
substances are, as in most other cases, noted in 
the synopsis under each title, that the student 
may be at no loss in referring to them. 

In almost all cases where hornblende schist 
occurs in the situation last mentioned, it is ac- 
companied by chlorite schist, and by many ano- 
malous compounds, which will be found enume- 
rated in the syno[>sis, under the general title of 
those rocks to which they seem most nearly 
allied. But, besides this, it is found, in Scotland, 
forming' a member of a very extensive and singu- 
lar association of strata, already noticed under 
the head of chlorite schist, and consisting prin- 
,.ii>ally, or essentially, of quartz rock, micaceous 
■v; list, chlorite schist, ami horublende schist, 

'riiis rock is not often found associated w'ith 
s 'illaceous schist ; but where this occuirence 
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tak^ place, it is somethnes observed to pass into 
jt by an insensible g^dati^: Aii ' Example of 
this association is visible in the moimtaiii Ben 
Lair already quoted. 

It must lastly be remarked, respecting its geo- 
logical associations, that it accompanies that rock, 
so little distinguished from if, which has been 
placed in a separate chapter by the name of ac- 
tinolite schist, and that the two pass into inseti- 
sible gradations. 

The forms of the strata of hornblende schist 
require no further detail than that already inci- 
dentally given in speaking of its associations ; nor 
<loes it, in the greater number of these, present 
any varieties of sti'ucture requiring particular de- 
scription. 

But in those varieties which occur in associa- 
tion with chlorite schist, in that which is here 
called the chlorite series, the beds often present 
a prismatic structure which may be a source of 
great difficulty to geologists. That difficulty is 
materially increased by the texture and compo- 
sition of the rock, which are, in these instances, 
not distinguishable from those of many green- 
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stones belonging to the trap family. The prisms, 
in these examples, are of similar general forms 
and dimensions to those that occur in many mem- 
bers of that extensive family ; and, when the 
beds are horizontal and uppei*most with respect 
to the surface, us they are always at right-angles 
to these, such rocks are not distinguis]ia)*le from 
overlying masses of trap, without a careful in- 
vestigation of their geological character and con- 
nexions. 

With respect to minuter varieties of structure, 
or texture, it is only necessary to say, that, in- 
dependently of the larger flexures and contor- 
tions to which the laminar varieties are sid)ject, 
in common with the gneiss with which they are 
s<i often associated, they frequently present a nii- 
mitely undulated disposition similar to that of 
micaceous and chlorite schists. 

Both the magnitude and disposition of the 

•%r 

separate minerals which constitute liornblende 
stiliist, are subject to great variation ; and hence 
arise numerous varieties of texture, of which 
tlie minuter details must be referrt'd to the synop- 
tic catalogue. The leading distinctions of tex- 
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ture, however, depend on tlie laminar and on the 
granular crystalline dispositions of the parts. In 
the former case, the rock is always, and iiecesr 
sarily, either laminar or schistose; hut, in the 
latter, it is not necessarily the reverse ; a similar 
fissile disposition being produced by the manner 
in which the crystalline particles are arranged. 
Ill tliosc cases n here, to a granular texture, there 
is sujieradded a massive or non-fissile disposition, 
it forms that which has been already mentioned as 
constituting the hornblende rock of many geolo- 
gists. 

Whatever appearance of a mechanical dispo- 
sition, may arise from the o<*casional lamin.ar al- 
ternation of the ingredients of this rock, it is un- 
necessary to make any remarks on it, as they 
wonld only be a repetition of the doubts already 
stated under the head of micaceous schist. It is 
barely necessary to observe, that the texture ap- 
pears to be truly ciystallinc, or chemical, in all the 
varieties; and that it has not hitherto jiresented 
any, containing, like micaceous schist, decided 
fragments of otlier rocks. 

The minerals essential to hornblende schist, 
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are felspar, either compact or common, and horn- 
blende; but the latter cdten occurs alone. In 
this respect it differs from micaceous and chlorite 
schists, in which the characteristic minerals sel- 
<lom exist without some quartz. The less essen- 
tial minerals m hich sometimes occur in this rock 
to such an extent as to modify its general charac- 
ters, are mica and (ddorite ; but the latter is rare, 
nor is the former very common. 

As an imbedded mineral, garnet sometimes 
abounds in this rock, as it does in micaceous 
schist, but much more rarely; and the general 
chamcter and aspect of the hornblende schist pre- 
sent corresponding variations. The other, and 
more rare imbedded minemls, will be noticed in 
a more appropriate place. 

As the colonr of hornblende is almost inva- 
riably either black, or a green so daik as scarcely 
to be distinguished from it, the only varieties of 
lint in the rock depend on the proportion and 
colours of the felspar. A hu^e proportioti of that 
mineral produces a grey hue, which varies in in- 
tensity according to that proportion, and, in tone, 
as it approximates to white, green or red. 

X 2 
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SYNOPSIS OF HORNBLENDE SCHIST. 


FIRST DIVISION. 

Simple : of hornblende alone. 

A. Very compact, with a smooth and dull frac- 
ture ; the particles being almost invisibly minute. 

B. Granular, from small irregular aggregated 
crystals : varies in the degree of fineness. 

C. Scaly, from an aggregation of flat crystals. 

D. Flat continuously laminar. 

a. Large laminar. 

b. Minutely laminar. 

E. Fibrous. 

a. Simply fibrous and with short fibres. 

b. Fibrous, radiated. 

c. Very fine fibrous and silky. 

F. The texture so fine that it loses its character 
and passes into argillaceous schist. 

These varieties are sometimes imperfectly, or 
not at all fissile, and thus form what is called 
hornblende rock. Occasionally many different 
textures are intermixed in the same mass, or 
specimen ; thus producing additional diversities 
of aspect. Sometimes large distinct crystals of 
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hornblende are imbedded in the crystalline ag- 
gregate. 


SECOND DIVISION. 

Compound : of two ingredients. 

A. A laminar alternation of borablende and felspar. 

a. Continuous platy and 4»chistoso, easily split- 

ting. 

b. Continuous platy, but scarcely or not at all 

fissile. 

c. Grauularly laminar, and imperfectly scbis- 

tose. 

B. Tin; hornblende scaly or fibrous, and the felspar 
arenaceous : not occupying distinct laminae. 

C. A granular uniform mixture of the same ingre- 
dients. 

a. Scaly, splitting into rough schists or imper- 

fectly fissile. 

b. Uniformly arenaceous and mixed ; fissile. 

c. Mottled, from the particles of hornblende 

being condensed in and patches. 

d. Dull, both substances minutely intermixed 

and compacted. 

e. A very compact distinct intermixture of the 

two ingredients ; not schistose; and un- 
distinguisliable from the greenstone of 
the overlying rocks. 

Many aspects result from the varying sizes of the 
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grains of both shbstances, and from their relative 
proportions: the felspar being' sometimes in 
equal pro})ortion, at others scarcely diiCf vr.ible. 
7"iiese modifications also A’ary in colour ; tiit fel- 
spar being ^yhile, greenish, or red. The horn- 
blende also may be black or dark green. The 
laminar mixtures are also sometimes straight, at 
others large or minutely imdulale<l. It is to these 
varieties that the term primitive greenslone seems 
to be applied. 

D. The felspar in exeess, and the nixtiiro 
graiiular. 

This rock is placed here f»n account of its 
geological connexions, occnrriiig nith connnoii 
bornblende schist and chlorite schist, in the 
chlorite series of Argyllshire. Its aspect is how- 
ever entirely diflerent from that of a)iy otlior 
hornblende sc |p»t. T he felspar being of a 
greenisli colour, tliat of the rock is a greenish 
gre.y. 

E. A minute admixture of hornblende with dark 
compact felspar ; the two minerals not distinguishable 
without much attention. The felspar is dark green or 
lead blue. 
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The aspect of these varieties is so different 
from tlmse of any of the preceding, as to justify 
a distiiu;t enumeration. 

F. Common hornblende schist with interspersed 
pnrlicles and filamentous veins of bright green compact 
felspar. 

'I'liis, like the former, has a very remarkable 
appearance. It occurs in Iona, as the former do 
on tht‘ west coast of Ross-shire. 

C. Hornblende with mica; the former is in ex- 
cess and the rock fissile. 

IMixtnres of micaceous schist and hornblende 
may be confounded uith this Avhen the horn- 
blende predominates ; but they differ in contain- 
ing fpiartz, and are enumerated under the head 
of micaceous schist. 

If. Hornblende and chlorite intermixed. 

This is also enumerated under the bead of 
chlorite schist, 

I. Hornblende and actinolite. 

This passes into actinolite schist. The dis- 
linclion between tjiesc two minerals is not 
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great ; but, in this case, the hornblende is black, 
and scaly or granular ; the actinolite green and 
fibrous, 

K. Hontbleudc and indurated talc. 

This variety appeal’s to pass into serpentipis, 
and is enumerated under tliat head. 

THIRD DIVISION. 

(.'oinpound : of three or more ingredients, 

A. Hornblende, mica, and felspar. 

B. Hurnblendc, felspar, and quartz. 

C. Hornblende, actinolite, and mica. 

D. Hornblende, chlorite, and felspar. 

E. Different quaternary mixtures of these ingre- 
dients, which do not require to be particularly spe- 
cified. 

These varieties are placed here for facility of 
reference ; but some of them appertain to gneiss, 
under which head they are also enumerated, 
while others will be found under other titles. 

The varieties of aspect in all the rocks of this 
division are endless, and arise from the varying 
colours, magnitude, proportion, and intermix- 
ture of the several ingredients, 



HORNBLENDE SCHIST, 


313 


The only minerals hitlieito found enibedded 
in hornblende schist are iolite, pyrites, and gar- 
net. The latter sometimes occurs in such quan^ 
tity as materially to modify the appearance of the 
rock. It is sometimes imperfectly ciystallized ; 
or more perfectly, as it is in micaceous schist : in 
some rare cases, it is disposed in laminte among 
those of the hornblende. 
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It may perhaps aj)pear siiperflnons to tlistin- 
g’uish this rock from hornblende schist ; but as 
it has been mentioned by Saussure, as it occurs 
in gneiss under a distinct character, and also very 
cons})icuously in the chlorite series elsewhere 
described, it will facilitate the student’s pursuits 
to find it in a separate place. Its analogy in po- 
sition, and in other characters, to hornblende 
schist is in every particular so perfect, that these 
M'ill require no additional notice. Its most strik- 
ing: difference Avill be found to consist in its fre- 
quent and intimate association with chlorite 
schist ; the mineral, whiclj is chai'acteristic of the 
latter substance, being fre(|uent]y intermixed 
with that which characterizes the former, in sucli 
a manner that the tw'o rocks pass into each other 
by an insensible gnidation. 

Substituting actinolite for hornblende, the de- 
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Bnition of both rocks is the same. It may also 
be remarked, that it is often the repository of tlic 
several varieties of theniinej'a] of m IucIi it is prin- 
cipally composed, and that it is generally easily 
recognised by its greeu colour, as ’vvell as by the 
peculiar ])roperties of the characteristic mineml. 
If mineralogists should finally think fit to consi- 
der actinolite as a variety onl}-, of hornblende, 
aclinolite schist must also be replaced among the 
v arieties of hornblende schist ; but as long as 
these minerals continue to be distinguished as 
s]»e<'i(.“s, it Mill be convenient to pursue tlie ^tnlle 
plan uilh resjject to the rocks in question. 


SYNOPSIS OF ACTINOLITE SC'iJISF. 

FIRST DIVISION. 

Simple : of one ingredient. 

A. Actinolite under various appeaianccR. 

a. Formed of distinct interlaced ciyslab 
varying in size. 
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b. Formed of a confused aggregate of 
small crystals: sometimes acicular* 

e. Passing from the preceding variety into 
a granular texture. 

d. Flat foliated* 

e. Fibrous: the fibres straight or uiidu* 

lated. 

It varies in colour through different shad^ 
and tints of green ; from dark .bottle green to 
sea green, and even to white. 

SECOND DIVISION. 

Compound : of two ingredients. 

A. Actinolile and felspar. 

B. Actiiiolite and hornblende^ 

C. Actinolite and mica. 

D. Actinolite and talc. 

E. Actinolite and chlorite. 

This last compound is also enumerated under 
the head of chlorite schist. 

THIRD DIVISION. 

Compound : of three or more ingredients. 

A. Actinolite, liornhiende, and mica. 

B. Actinolite, hornblende, mica, and felspar. 

It is not liulikely that other compounds exist 
which would fall into this division, but they have 
not yet occurred in my researches. 
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This important member of tli6 primary strata 
has been long' known to geologists, bnt had 
never lieen thoroughly undei'stood until it was 
described in a succession of [)apei's published inf 
the Transactions of the Geological Society. An 
abstract of tlieseuas afterwards introduced in the 
“ Description of the Western Islands,” to which 
work the reader may be referred for a fuller ac- 
count of its geological characters. 

Quartz rock, like the primary rocks with 
which it is usually iissociatcd, is stratified ; the 
distinction of the beds being however much more 
strongly marked than they are, either in gneiss 
or micaceous schist, and very commonly as well 
defined as in the secondary sandstones. They 
vary exceedingly in dimensions, even from an 
inch to many yards in thickness ; and as they 
often possess natural joints, they break, like many 
of the schistose rocks, into rhomboidal or rectan- 
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giilar fra^eats. The strata are* occasionally, 
but rarely, bent, and they never present those 
contortions n hich are so common iiV micaceous 
schist. 

With regard to the precise placewhic'h quartz 
rock occupies airiong the primar)^ strata, tiptiiing 
jjositive can he laid down; since it is fpniid al- 
ternatiiig with all those which follow granite. 

Under the head of gneiss it was already men- 
tioned that tliis rock was frequently found alter- 
nating w ith it, and that the limits of the tw'o w'erc 
often undetinablc. The variety which occui's in 
this case, is generally that which contains felspar 
as an ingredient, and the change is produced l>v 
the loss of the other ingredients by which gneiss 
is characterized. In this association, the beds of 
quartz rock are often inferior in quantity to the 
gneiss, or subordinate; but alternations also 
occur among stmta of dimensions so extensive as 
not to permit the use of this term. 

In many [)laces it will be found to alternate in 
thin strata u ith micaceous schist ; and it was al- 
ready shown that maiiy of the rocks ranked with 
tliis si distance, contain but a very sparing quint- 
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fity of mica, while their pr^ominant ingrediont 
is quartz in various stat^ of ipixtitrfe Such va- 
rieties holding an intermediate state between tWo 
rocks, have an equal claim to be ranked under 
either; but as it ,1s a fruitless attempt to d'^ne 
thaf-l^yFhich nature has not set bounds, and as 
no adjutages are gained by multiplying terms 
to Apress such gradations, it is most proper to 
clasathe doubtful specimen in that division which 
is the predominant one, geologically considered. 
Thus the occasional presence of mica w ill qo 
more exclude a s])ecimen or a bed fiom the series 
of quartz rock, than the predominance of quartz 
will remoA'e an occasional bed from the mass of 
micaceous schist in which it is situated. 

Rut the alternations between micat^eous schist 
and quartz rock, are often more decided and. on 
a larger scale ; a sudden and complete change 
taking place where they'^ meet. Scarba and Jura 
afford abuudaut examples of tliis nature, audit is 
also to be found in many other parts of Scotland. 
I'he space occupied by the quartz rock in these 
cases is so . great, that it constitutes the chief part 
of the series, and .cannot therefore he considered 
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as subofdinate to the micaceous schist. In Many 
places indeed this latter su1>stance is altogether 
wafifing ; large tracts of country, exhibiting shRta 
of some thousand feet in thickness consisting 
solely of quartz rock ; giving it tlms a decided 
claim to be ranked as a principal member of the 
primary class. 

As micaceous schist and clay slate have bfeen 
shon n to alternate, thus qnartz rock also alter- 
nates vith this latter substance. The mode of 
this alternation, like that of the former, is various; 
the laminae being' of greater or less thickness. 
On a small scale, these alternations are not un- 
frequent ; between large beds they are rare. In 
some of these cases the same gradation occuin 
betneen those two substances, as in the alterna- 
tions of micaceous schist nith quartz rock; but 
in others, they are separated b\ a precise line 
Of this latter variety, Jura and Scarba offer strik- 

A 

ing examples ; the quartz rock possessing a well- 
marked and independent character, and forming 
a principal member of the nhole ; n bile the clay 
slate and micaceous schist alternate n ith it. 

A more interesting alternation is that of quartz 
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rock/with graywacke schist» and in this instance 
its analogy with the secondary sandstones winch 
so often follow that substance, is particularly ap- 
parent. Jura, Scarba, and Lunga, afford con- 
spicuous examples of this association. 

It.^is also found associated by alternation with 
pninnry sandstone, which it so much resembles 
in many important particulars ; but, in this case, 
the alternations appear always to be on a large 
scale, or, at least, none have occurred within my 
jpbi?ervation where it can be considered as subor- 
dinate in quantity. 

Peculiarities of structure in quartz rock are 
very rare, but, where they occur, they are in- 
teresting from their resemblance to those M'hich 
are found in the secondary sandstone. Thus it 
often contains the indications of spheroidal, and 
of a cylindrical, or minutely columnar, imbed- 
ded structure, exactly resembling that, hereafter 
tlescribed at more length in the account of those 
rocks, but far less distinct, and less frequently 
exposed by the action of the Aveather. In a feiv 
very rare instances also, of which an example is 
found in Glen Tilt, it contains prolonged and 
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flattened cylindrical bodies of considerable size, 
veiy much resembling those found in the secon* 
darv sandstones ; but without the scaly surface, 
and easily detached, even without the assbtance 
of the w'eather, from the surrounding mass. 

The varieties in the mineral character of 
quartz rock are numerous ; but I shall limit this 
enumeration to the most important and the best 
naarked, as a more full account of them will be 
found in the Syiioj)sis. 

It is occasi<nially, but rarely, found in a com- 
pact state, and crystalline throughout; little dif- 
fering from quartz as it occurs in veins ; but even 
in these cases showing a constant tendency to 
divide in parallel beds. More generally, when 
pure, it has an aspect obscurely granular, which 
by degrees becomes somew hat lax and arenace- 
ous; the grains varying in size and in the inti- 
macy of their union. In some of these examples, 
it appears to be a granular crystallized mass ; in 
othei's, it [tossesses a mixed mechanical and 
chemical texture ; w hile, in a third, the rounded 
as[)cct of the grains, and the small number of the 
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points of contact, appear to indicate an origin 
chiefly mechanical, and resulting from the agglu- 
tination of sand. These are its varieties when in 
the purest state ; and I may add, that cavities are 
sometimes found in the specimens, containing 
regular, although minute, crystals. 

The next, and perhaps the prevailing variety 
of this rock, consists of a mixture of quartz and 
felspar ; and, from the latter, it generally derives 
a reddish hue. Its texture is various, the gimns 
felspar being at times imbedded in a crystalline 
tjuartz, while, more frequently, the whole rock 
is a mass of agglutinated grains of the two sub- 
stances, in various proportions and of various 
sizes. In every instance it has a foliated dispo- 
sition ; and, sometimes, even the texture is the 
same, since it splits into laminae of extreme thin- 
ness. 

The next remarkable variety is that in which 
(juartz is intermixed with mica ; but I have al- 
ready said all that is necessary on this subject 
when treating of its alternation and affinity with 
micaceous schist. I may only add, that, in these 
cases, it often admits of being split in the direc- 
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tion of tJie luicaceous lainiaa3 into large flags a]!- 
plicable to tlie purposes of arcliilecture. 

IVaciug the progress of the granular kind, u e 
find them at length consisting of grains so large 
as to appear mere agglutinations of gravel, with 
occasional vacuities among the grains ; nor is it 
uncommon to find specimens containing rounded 
pebbles of large size. In these varieties tho 
marks of mechanical formation are obvious ; and 
they are rendered still more so by the occasional 
intrusion of dissimilar fragments, such as jaspei^l 
chxy slate, and micaceous schist, e.\{imples of 
>«lueh occur so as to form considerable beds both 
iu Scarba and in Jura. From these, the passage 
i:.to common graywacke is easy, and, in these 
islands, abundantly obvious. 

Quartz rock never appears to contain any nit- 
essential minerals capable of modifying its gene- 
ra! characters; and it is equally remarkable fltm 
it is very rarely the repository of any indepen- 
dent mineral, except garnet and pyi’itcs. 

The colours are extremely limited. In the 
purer varieties, m bite is the predominant hue ; 
but they are oceasioneUy to be found tinged with 



QUARTZ ROCK. 


325 


ochre yellow, or with reddish, and even dark 
purple tints. Where mica is present, the colour 
is often grey ; and the presence of felspar, in the 
same manner, often confers a pink or flesh 
coloured hue on the compound rock. 


SYNOPSIS OF QUARTZ ROCK. 


FIRST DIVISION. 

Simple : of quartz alone. 

A. Pure quartz, resembling that which occurs in 
veins. 

a. Hyaline. 

b. Opake. 

B. Pure quartz, compact, laminar; often very^ 
linely fissile or almost scaly ; sometimes laminar and 
striated. 

C. Granular splintery ; occasionally passing into 
the uniformly compact, 

D. Granular: with large grains or concretions. 

a. Crystalline compacted, and either transpa- 

rent or opake. 

b. Gravelly, with distinct condensed grains. 
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E. Arenaceous, or finely granular. 

a. Condensed saccharine, passing into var. C. 

b. Loose, arenaceous, resembling the secon- 
dary sandstones. 

niese varieties are occasionally blucish grey, 
or ochre yellow, or brown or dark red, or deeply 
stained on the surface with a reddish yellow from 
the decomposition of pyrites. They are some- 
times yellow internally, and bleached on the 
surface to a pure white. They also pass into the 
red primary sandstone. 

SECOND DIVISION. 

(Joinpound : of tw o ingredients. 

FIRST suRDivisiuK. — Of quarlz and felspar. 

A. The quartz compact, opakc or hyaline, with 
imbedded particles of felspar irregularly disposed. 

B. Siiujlar varieties of quartz with interspersed 
felspar, but with a laminar tendency ; the felspar also 
predominating in one lamina rather than in another. 

This variety often presents a resemblance to 
gtieiss, which it frequently accompanies. 
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C. An uniform rock, more or less laminar, witk 
a fracture intermediate between the granular and splin- 
tery. 

This rock is apparently homogeneous, but is 
proved to contain felspar by the white siliceo- 
argillaceous crust which it assumes on weather- 
ing. A similar rock occurs with the primary 
sandstone, w'here it is also enumerated. 

I). The quartz and felspar both in distinct grains 
and intermixed in various proportions. 

a. Highly compacted, and cemented by silica, 

or quartz. 

b. Gravelly, or sandy, sometimes loose. 

'I'here are many different aspects of these va- 
rieties, arising from the varying proportion of 
the two ingredients. In some cases, the felspar 
bears a very small one to the quartz ; in others, 
but more rarely, it is the reverse. In some spe* 
cimens, the felspar being white, it can scarcely 
be detected but on weathering. Varieties of a 
large grain are occasionally found, in which the 
|)articles are large and have suffered little attrition 
before their consolidation, and these have been 
sometimes mistaken for granite. 
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SECOND SUBDIVISION. — Of quartz and mica. 

Compact quartz with interspersed' scales of 

mica. 

a. The quartz opake. 

b. The quartz hyaline. 

This latter sometimes forms the substance 
well known by the name of avanturine, and al- 
ready noticed under micaceous schist ; the co- 
lours varying according to those of the mica or 
the quartz. 

B. Laminar; the lamination of the quartz beiij«^ 
chiefly determined by the position of the mica. 

a. The mica in distinct scales, dispersed, hut 

parallel. 

b. The mica accumulated in distinct laininm. 


This variety passes into micaceous schist, and 
is enumerated under that head. It forms the 
bond of union between these two rocks. The 
colours of these varieties differ, according to those 
of the mica which they contain. ' 
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THIRD SUBDIVISION. — Of quartz and blue 
schistose clay. 

A. A laminar alternation of pure quartz and clay 
Uate. 

B. Quartz, arenaceous and minutely interlami- 
iiated with black or blueish clay; resembling' some of 
the sandstones that accompany coal. 

C. Quartz sand intimately mixed with blueish 

clay. 

This passes into the fine graywacke schist 
uliich alternates with some examples of quartz 
rock . 


THIRD DIVISION. 

Containing' more than two ingredients, or of a 
conglomerated structure. 

A. Quartz sand alouo, or sand and gravel of quartz 
and felspar, M’ilh imbedded pebbles or fragments of 
quartz. 

B. The same, with fragments of argillaceous 
schist. 

C. The same, with fragments of micaceous schist, 
or with both. 

These latter varieties pass into coarse gray- 
wacke schist, and graywacke conglomerate, as the 



330 


QUARTZ ROCK. 


former do into fine. They present great varie- 
ties of compactness, and are either distinctly 
schistose or not. They may be equally ranked 
with the graywackes under the head of argilla- 
ceous schist. 

Quartz rock, when in the vicinity of granite, 
is sometimes broken and re-unite<l, forming pe- 
culiar local conglomerates ; and, in these cases, 
the cavities which sometimes occur, contain 
quartz crystals. 

I have observed no minerals imbedded in 
quartz rock, except garnet, hornblende, oxydu- 
lous iron, and titanite ; and even these are rare. 
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This is now for the first time introduced into 
a catalogue of rocks. An abstract of the reasons 
for this innovation may be deduced from the 
sketch of its geological connections which fol- 
lows. A more full account of the histoi'y of this 
interesting member of the primary strata, is inad- 
missible in this work ; but it w ill be found in 
ilie authors’ volumes already quoted, where an 
ample detail is given of the evidence which jus- 
tifies the arrangement here adopted. 

If the specimens are sometimes not very dis- 
tijiguishable from those which are found in the 
lowest sandstone of the secondary class, the geo- 
logical nature of this classification did not the less 
demand the present proceeding ; w'hich is^ more- 
over, strictly analogous to that, long since admit- 
ted in the case of limestone ; in which rock, a 
distinction between the examples found in the 
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primary, and those occurring in the secondary 
classes, is often equally difficult. 

The alternations of red sandstone on the large 
scale, are with gneiss and with quartz rock ; and 
as it 'has hitherto been examined only on the 
north-west coast of Scotland, the history of its 
geological position is limited to the phenomena 
there visible. Ihider this system of alternation, 
it occupies very extensive tmcts, forming also 
some of the highest mountains M'hich Scotland 
possesses. 

Although, in some places, its regular alter- 
nation with the gneiss is distinctly perceptible, 
in others it follows the strata of that rock in a re- 
veree or unconforming position ; being some- 
times nearly horizontal where these are much 
elevated. In these instances, the sandstone ap- 
pears to he connected with the gneiss by the ijj- 
tervention of a conglomerate formed pf fragments 
of the latter, which, generally however, seems to 
occupy a very limited space. 

Where it alternates in a parallel manner with 
the gneiss, it is often found to pass into that rock 
by an undefinable transition ; and this is effectetl 
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in two modes. In Sky, the gradation is produced 
by the gradual attenuation of the beds of argilla- 
ceous schist which so frequently alternate with 
this sandstone. These gradually become the la- 
minae of a variety of gneiss which is described in 
the account of that rock ; and, tinally changing 
their character into chlorite schist, they produce 
another variety which, in a manner equally im- 
perceptible, passes into the best characterized 
beds of that substance. In other places, the beds 
of the argillaceous schist form the bond of union ; 
alternating in such a manner with the strata of the 
sandstone, and with those of the gneiss also, that 
it is impossible to fix on a point where the tran- 
sition can with certainty be said to take place. 

The transition from the red sandstone to 
quartz rock, is, on account of the affinity of the 
two, so easy, that it requires no particular notice ; 
particularly as it is mentioned in treating of that 
substance. 

. Besides these extensive alternations of the 
grodt tracts of red sandstone, the strata alternate, 
with many varieties of argillaceous schist as w as 
noticed in the last paragrdi)h ; but most fre- 
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quently with those of a coarse texture, which 
contain either mica, or sand, or both, and which'' 
are commonly known by die name of graywacke. 
In most cases, the schist is far inferior in quan'> 
tity to the sandstone ; and, in many, it is entirely 
absent for a very considerable space. Some few 
instances may however be observed, where it 
considerably exceeds that rock, and where, if the 
term subordinate were admissible, the sandstone 
should be considered the subordinate substance. 
Respecting these alternating schists, it: may yet 
be remarked, that some of them contain frag- 
ments of older rocks, and that a few are highly 
indurated, so as almost to lose their ordinary cha- 
racters. If ever the sandstone appears to pass 
into the schists, the transition is almost always 
too imperfect to deserve notice as an instance of 
that occuiTence. In most cases, the two rocks 
are separated in a very decided manned 

The thickness of the strata is extreme^ vari- 
able ; amounting sometimes to many yards ; and 
in those cases where schist is present, they are 
frequently of extreme tenuity. In some places, 
the beds are even separated into their lamina- 



KBD PRIMARY SANDSTONE. 


335 


without the iutervention of schist — sometimes it 

y - 

would appear, from the action of the weather, 
and, at othei's, in consequence of a slender mica- 
ceous lamina ; in which cases they often resem- 
ble the laminar, or schistose sandstones of the 
secondarj' class. 

These strata, like those of gneiss, are in many 
places subject to flexure and contortion ; and 
w here these flexures are sudden and considerable, 
it is not unusual for the stratified disposition to 
vanish entirely, and in such a manner as to per- 
mit a gradation to be traced from the most shape- 
less and fractured mass to the most regular strati- 
fication. In such cases, the shapeless mass is 
broken or divided into very irregular angular 
portions ; but the more regular strata are com- 
monly split into prismatic and cuboidal masses 
like granite, and, when the angles have been 
rounded by exposure, scarcely to be distinguished 
from them at a distance. The only other cir- 
cumstance of internal structure deserving notice 
in this rock, is an indulation on the surfiices of 
the beds, which is also known to occur in the 
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secondary sandstones, and which so much re- 
sembles the marks left by the retiring sea on a 
shore of sand. 

The texture of this rock is various. It is soine- 
time^Bne and granular, resembling the more 
ordinary varieties of the red sandstone of the 
secondary class. But it is much more common 
to find the granular intermixed w'ith a continu- 
ous Crystalline texture ; or the grains, which oc- 
casionally adhere by mere agglutination, are 
united into a continuous mass by a cement of 
crystalline quartz. That compactness is some- 
times so perfect, that the marks of a granular 
imbedded structure, nearly, or entirely, disap- 
pear ; and the sandstone then resembles tliose va- 
rieties of quartz rock which are scarcely distin- 
guishable from common venous quartz. Under 
such circumstances also, and under particular 
modes of composition, it sometimes, presents a 
minute splintery fracture. It is in this circum- 
stance of frequent and crystalline compactness, 
that this sandstone is principally distinguishable, 
in hand specimens, from those of the secondary 
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class. When doubts^arise on tlftit subject, the 
geological position is necessarily, as in all analo- 
gous cases, the only guide. 

The texture, from being finely granular, or 
arenaceous, becomes gravelly or coarse, an^^ at 
leug'th, passes to an orrlinary conglomerated 
structure. 'Fhat mode of disposition, however, 
often differs siifticieiitlj' from that which occurs 
ill the secondary sandstones, to enable a minera- 
logist w ho is acijuaiett'd with both rocks, to re- 
cognize the difference, even in hand specimens. 
AVhere the fragments are numerous and nearly 
equal in size, (hey are often united in such a 
manner by a crystalline agglutination, as to de- 
ceive an unpractised eye so as to pass for granite. 
Where they are rounded, however, as is most 
frequently tlie case, that mistake cannot happen. 
Moreover, even in the coarsest conglomerates, 
the fragments are often united by, or imbedded 
ill a crystalline basis like that which forms the 
finer varieties. It must lastly be remarked on 
the subject of texture, that siugle,*or widely de- 
tached fragments, are very commonly found im- 
bedded in the finer varieties, even throughout a 


z 
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M'hole series of strata ; a ^circumstance of very 
rare occurrence in the secondary sandstones. 

The mineral composition of this rock is in 
general far simpler than that of the correspond- 
ing lecondary sandstone ; a circumstance not 
difficult of explanation when its more antient 
origin is considered. The prevailing strata con- 
sist either of quartz alone, or of quartz mixed with 
felspar; and the latter mineral is much more 
commonly cr)’stallij»c than reduced to the state of 
clay. Argillaceous varieties are therefojx' (com- 
paratively rare, aud mica is also ver^ seldom 
found in this sandstone. In the conglomerate 
varieties, the prevailing fragments consist of 
(juartz and felspar. Red jasper is also not unfre- 
quent; and, if the compound rocks, of which 
the characters are still to be traced, I have rarely 
observed any except gneiss and argillaceous schist. 
Where this latter rock abounds in the frag'ments, 
it often also forms a sort of joint cement for the 
whole mass, and the specimens of this character 
thus pass into a graywacke or coarse argillaceous 

schist. All these fragments may be either angu- 
* 

lar or rounded ; but the latter form is prevalent. 
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and the jasper, in particular, seems to be invari- 
ably worn by attrition. 

The prevailing tints are varieties of red, but 
they are more particularly detailed in the sy- 
nopsis. 


SYNOI^SIS or PlllMARV SANDSTf>NE, 


FIRST DIVISION. 

Simple : ap[>areiitly of quartz onh . 

A. Granular. 

a. Coarse grained. 

b. Fine grained, passing to compact. 

R. Compact, the fracture rough, but the grains 
scarcely distinguishable: passes into quartz. 

C. Splintery in the fracture; passing into the 
granular, and also into the compact : some of the va- 
rieties have an aspect much resembling that of compact 
felspar. 

The colours are various, but modifications of 
red are predominant. These are, pink, bright 
brick red, brown red, purple red : it also occurs 
of a pale grey, of a lead blue, of an ochre yellow, 

z 2 
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of a dark brown approaching to black, of black 
and red intermixed, of red and white intermixed 
in stains, or in stripes and laminae, and of a pure 
white. The colour is disposed in the mottled 
varieties exactly as it is in the secondary varie- 
gated sandstone, but these varieties are rare. 
The white, is oi’dinary quartz rock, into which 
this rock passes and m ith which it is sometimes 
connected. 


SECOND DIVISION. 

Compound : of two ingredients. 

A. Of quartz and felspar. 

a. Distinctly granular, and each substance 

easily distinguishable. 

I'he colours, and consequently the aspects of 
Ibis kind, are various ; as both the ingredients 
may be red, or white, or either may be of a dif- 
ferent colour from the other. It also differs ma- 
terially in the size of the grains, varying from 
gravelly to fine arenaceous. 

b. A mixture of quartz and felspar so inti- 

mate that the latter substance is only 
discovered by the weathering of the 
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Stone, when it assumes a white siliceo- 
argillaceous crust. The fracture is com- 
monly splintery with a translucent edge. 

This variety appears, at times, almost to pass 
into compact felspar. The colours are generally 
shades of grey; leaden, pale, or greenish ; more 
rarely, red. 

B. Of (juartz, sand and clay. 

a. Tile clay red, and appearing to be the result 

of decomposed felspar. 

b. tVith grey clay, apparently produced from 

decomposed schist, and of various shades 
of grey, often nearly black. 

This viiriefy passes into common fine gray- 
wacke, and into hue argillaceous schist, (clay 
slate,) with which many varieties of the primary 
sandstone alternate, as before mentioned. 

THIRD DIVISION. 

Compound : of three or more ingredients. 

A. Quartz and felspar, with mica. 

This variety is more or less distinctly laminar ; 
the laminae being determined by the mica. It 
passes into a flaggy or schistose sandstone. 



342 


RED PRIMARY SANDSTONE. 


B. Quartz and felspar, with blue schistose clay 
and mica, or quartz alone, with the two latter ingre- 
dients. 

This variety is more or less laminar, aiitl 
passes into the micaceous graywacke which also 
alternates with the jirimary sandstone. 


FOURTH DIVISION. 

With a coarse structure: sandstone conglo- 
merate. 

A. Fragments of quartz and felspar firmly united 
by crystalline quartz. 

B. Quartz, felspar, and hornblende, similarly 
compacted. 

C. Quartz, and felspar, with fragments ofjasper. 

D. The same, with fragments of schist, or with 
both. 

E. Distinct fragments of gneiss, and of granite, 
firmly cemented by solid quartz. 

F. The same substances in greater or less num- 
ber, with so large a proportion of schist as to pass into 
a conglomerated graywacke, under which it may also 
be equally ranked. 

Tliese different com}>ounds present a great 
diversity of aspect, and are enumerated here as 

well as under the head of conglomerates, for tlie 
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purpose of rendering more complete the history 
of this hitherto neglected rock. 

The only mineral which I have yet observed 
in this sand.stone is garnet. It occurs either in 
indistinct crystals, or diffused ; and is only found 
in the very compact varieties, which are charac 
tcrized by an uncommon degree of hardness 
wherever it is present. The presence of this 
mineral, which is unknown in the secondary red 
sandstone, may be regarded as an additional and 
important characteristic mark of difference be- 
tween the two; and, from analogy, as indicating 
a much more antient origin, since it belongs ex- 
clusively to the primary rocks. 
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UjvDER tJlis head are included all the schislose 
arjfillaceous rocks of the primary class, howevei* 
dilferiug' in texture, and it thus comjnises the 
clay slate and the graywacke of some geologists. 
The reasons for adopting this innovation are tiie 
following. 

In all cases, the coarser and finer varieties ol' 
this rock occur as parts of one series, however the 
one or the other variety may predominate in par- 
ticular instances. If ever fine beds, or strata of 
clay slate, are' found luiaccompanied by coarser, 
or if the coarser are occasionally seen excluding 
the finer, these instances are insufiiqient to jus- 
tify a separation of the two, any more than the 
separation of gneiss or of micaceous schist of 
coarse and fine textures would be justified by si- 
milar circumstances. Moreover, even the same 
bed wifi, sometimes pre^t both textures; the 
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variation taking place, either laterally, according 
to the extent of the strata, or transversely, accord- 
ing to their stratification. 

Lastly, this arrangement is justified by the 
corresponding practice in the case of sandstone 
which this rock resemUes in its prevailing me- 
chanical texture and composition. In that rock, 
no geological distinction is made between the 
varieties of fine and those of coarse texture ; al- 
though the differences between the conglomerates 
and the fine sandstones, are far greater than any 
that occur in the series of argillaceous schist. It 
will indeed be seen on the slightest review of the 
former system of division, that it has arisen from 
defective observations, combined with, or biassed 
by, hypothetical notions respecting a supposed ne- 
cessity for placing the coarse argillaceous schists, 
or graywackes in a transition class. That such 
mechanically recomjiosed strata should occur 
among the primary rocks, is no more cause of sur- 
prise or difficulty, than that conglomerate varieties 
of micaceous schist, or of quartz rock, or of red 
sandstone, should be found in the same situation. 

Argillaceous schiist, like micaceous schist. 
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occurs in two modes ; in the one, forming very 
extensive tracts of country ; in the other, alter- 
nating in small proportion with many other 
rocks, and often in a very intricate manner. 

Ih this country, where it is found occupying 
gi'eat space;?, it is generally the uppermost rock 
of the , primary strata, being immediately followed 
by the secondary class. The same remark has 
been made in other countries ; but, in many in- 
stances, there is reason to suspect that these ob- 
servations have been biassed by theoretical no- 
tions respecting the place which it is conceived 
necessarily to hold in the order of nature. In 
other cases, it alternates with one or more of all 
the primary strata ; often also lying in the imme- 
diate vicinity of granite, as it does in Cornwall. 
In Scotland however these alternations chiefly 
occur where it occupies a small space in compa- 
rison with the other rocks among which it lies. 

In this manner it is found accompanying 
gneiss, micaceous schist, quartz rock, and red 
tondstone ; and, in the latter case, it sometimes 
appears to form a necessary part of the series, as 
already noticed under that head. 
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111 Jura and the connected isles, it forms a 
triple series with quartz rock and micaceous 
schist, occurring’ in very thin beds and in fre- 
quent alternations ; and, on the adjoining main 
land, in many places, chlorite schist and lime- 
stone are superadded tq this series. 

In the line which forms the Highland boun- 
<lary to the southward, it occurs in a similar way 
in a very irregular manner ; the different varieties 
being intermixed with chlorite and micaceous 
schists, as also with limestone and minute beds of 
gneiss. The island of Hute presents this series 
in great perfection. 

The stratification of argillaceous schist admits 
of no question, however difficult it may often be 
to trace tlie beds. They are sometimes extremely 
irregular in their forms and disposition, and they 
vary very much in dimension. Where they al- 
ternate with other rocks in the manner last des- 
cribed, they are often very thin ; but ivhere they 
occur in extensive tracts and unmixed, they attain 
to such a thickness that it is frequently impos- 
sible to discover the places where they are sepa- 
rated. In this respect they present the same dif- 
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ficulty as micaceous schist ; in which, as already 
remarked, it is ofteij, impossible to trace the 
divisions of the strata. These separations be- 
tween the beds, are sometimes caused by in- 
tervening rocks of some other character ; but, 
more frequently, they result from a change of 
texture in the approximate parts of the general 
mass. 

The strata of argillaceous schist are subject to 
flexures similar to those which occur in mica- 
ceous schist and gneiss; but the rock itself is 
rarely contorted in the very minute manner in 
which those sometimes are. 

It presents also some varieties of internal 
structure, one of which constitutes its chief value 
for the purpose of architecture. This is the schis- 
tose disposition, in consequence of which it is 
capable of being split into slates, of considerable 
tenuity in many cases ; while, in othere, it lather 
presents imperfect indications of a fissile ten- 
dency, than the property of dividing ia||» conti- 
nuous plates. This quality occurs both in the 
finer and coarser varieties ; but the former pos- 
sess it in the most perfect manner, although many 
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of the latter, or the gray wacke schists, are suffi- 
ciently divisible for oeconomical purposes. 

In most cases, these laminae are indefinitely, 
although imperfectly, divisible ; so that the entire 
structure of the stone is schistose, or nearly scaly ; 
but, in others, it appears limited to some defi- 
nite dimension, so as to afford examples of that 
which, in the 8th chapter, is distinguished from 
the schistose structure by the term laminar. 

In general, the schists are flat, being some- 
times also smooth ; but, in others, they are mi- 
nutely undulated. In some rare instances, how- 
ever, an example of which may be seen in the 
island of Luing, the laminae are bent while the 
strata themselves are straight. This occurrence 
indicates that the laminar disposition is not inva- 
riably the consequence of the mode in w hich the 
rock was deposited ; a fact which is further 
proved by the following circumstances. 

Although the fissile tendency is often parallel 
to the pftie of stratification, it will sometimes be 
observed to lie in an oblique direction to that ; 
proving, as in the fornaer case, that it is the re- 
sult of a concretionary structure. A more cer- 
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tain proof of this is, in some instances, afforded 
by the persistence of die fissile tendency, or the 
lines of splitting, through beds which, in differ- 
ent places, present an alternating fine and coarse 
texture indicating the true position of the stratum, 
or that in which the deposition of the materials 
took place. 

As the seams, or divisions of the strata of ai’- 
gillaceous schist, are often invisible, either in 
consequence of their great distance from each 
other, or from the nature of the ground, or from 
other causes, the fissile direction may often be 
mistaken for the plane of the stratification. The 
alternation of the fine and coarse kinds, here serves 
to mark the true disposition of the bed, even 
where the different textures are not actually di- 
vided ; but where neither of these indications are 
present, there seems to be no criterion by which 
the one can be distinguished from the other. 

This doubt is necessarily confirmed by the 
fact, that, in many instances, the fissile^^idency 
is actually parallel to the plane of stratification, 
as it invariably appears to be in the secondary 
argillaceous schists or slates. In these cases it 
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must ever remain a doubt whether this structure 
is the result of a concretionary arrangement or a 
mechanical deposition. From the other instances 
occurring in the same rock, we should be in- 
clined to determine on the former ; while, from 
the analogy of the shales, of which the mechap 
nical structure is proved by the vegetable re- 
mains deposited in them, we should decide on 
the latter. 

A fibrous structure is not unfrequent in the 
finer varieties of argillaceous schist, and it is 
often combined with the laminar or schistose dis- 
position. It may lastly be remarked on this sub- 
ject of structure, that, in a bed which is princi- 
pally laminar, there are sometimes found nodules 
of the same substance, massive and imbedded ; 
the lamina? in the vicinity accommodating them- 
selves to the form of the nodule. 

Beds pf argillaceous schist are frequently 
divided by natural joints, which are either at 
right ani'les, or oblique, to the plane of stratifi- 
cation. According to these circumstamces, they 
frequently separate into rhomboidal or prismatic 
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fragments, more or less regular, and pj eseuting 
great diversity of form. 

They are moreover very frequently intersected 
by numerous and minute veins of quartz or of 
calcareous spar ; which, in the case of contortions, 
frequently follow the flexures of the schist in 
which they lie ; a fact of considerable interest in 
a geological view. 

The essential minerals of the argillaceous 
schists, are the peculiar indurated clay which 
by itself forms all the simple varieties, together 
with quartz and mica, which enter into the coarser 
or compound kinds. The conglomemted va- 
rieties, or the coarse graywackes, contain, in 
addition to these, fragments of some of the pri- 
mary rocks. It ought also to be added, that in 
some rare instances, grains of felspar occur in 
such a manner as to give the rock a porphyritic 
appearance. 

According to these different circumstances, 
the texture of the several varieties differ; the 
finer, presenting one which is perfectly compact 
and uniform, while the micaceous, the sand}, 
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the g-ravelly, and the conglomerate kinds, are 
each characterized by textures which these terms 
A\ill sufficiently explain. A parallel disposition 
of the mica, is sometimes, in the micaceous va- 
rieties, a common cause of hssiiity, where no 
such tendency is perceptible in the base. In 
many of these rocks, it is apparent that the parts 
are united by something more than a mechanical 
adhesion. This seems to be the case in many of 
the compact kinds, or the hone slates, and occa- 
sionally, in some of those which contain abund- 
ant grains of quartz ; but, in the greater number, 
the indurated clay forms the cement which unites 
all the fragments, whether great or small, into 
a solid mass. 

The transitions by which the argillaceous 
schists pass into some of the preceding rocks, 
have already been mentioned ; and it will here- 
after be seen, that, under certain circumstances, 
they also pass into siliceous schist, and into sand- 
stone. Respecting fracture, it is almost unneces- 
sary to say, that it varies according to the direc- 
tion in which it is made, and according to the 
nature of the particular variety ; but these and 
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other, matters will find a more appropriate place 
in the synopsis, where the unessential minerals 
are also enumerated. 

The last circumstance of importance in the 
general character of the argillaceous schists is, 
that they sometimes contain organic remains, and 
even in considerable abundance. These are, 
Irowever, much more limited in variety than 
those which occur in the secondary class; but 
die species have not yet been enumerated or in- 
vestigated. In a geological view they are highly 
interesting. 


SYNOPSIS OF ARGILLACFOUS SCHIST. 

FIRST DIVISION. 

Simple: of indurated schistose clay alone. 

A. Straight fissile, or continuously laminar. 

a. With a straight even fracture on the sur- 

face of the lamina. 

b. With a rough or undulated fracture. 
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The prevailing colour in these varieties, 
which form roofing slate, is lead blue. It is also of 
a pale grey, or of an obscure purple, or greenish 
grey, or mottled with two colours. The greener 
varieties are not abundant, are coloured by chlo- 
rite^ and pass into smooth chlorite schist. It 
occurs, but rarely, of very pale greyish and 
greenish hues, or nearly white. 

B. Imperfectly fissile : massive slate. 

a. Amorphous, but breaking more readily in 
one direction than in another. 

1). Amorphous, considerably harder than the 
former, and breaking nearly alike in 
many directions. . 

c. Fibrous. 

d. Massive, but splitting in many directions. 

with curved surfaces. 

e. Black, imperfectly fissile, of a dull earthy 

aspect. 

f. Black, and so soft as to mark, paper : black 

chalk, or drawing slate. — Some varieties 
of black chalk are fissile. 

g. In spheroidal concretions imbedded in the 

laminar varieties. 

C. More compact, with a smooth splintery, or 
minutely granular and splintery fracture, translucent 
on the edges. Whet slate, or hone. 


A A 2 
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a. Compact, imperfectly ftssile, the frag- 

ments translucent, and much resembling 
compact felspar : — common hone. 

b. Laminar or scaly ; straight or undulated, 

and the fragments translucent : — also 
used as hone. 

c. Craniilar, rough: less translucent, par- 

ticularly when of a dark colour. 

These varieties are frequently of a pale \el- 
lowish, or greenish grey colour ; sometimes lead 
blue, or the two colours occupy alternating la- 
minae. They often weather, like compact felspai*. 
so as to display a white po^vdery surface, and are 
at times not easily distinguished from some va- 
rieties of that rock. 

D. >So hard as to strike fire with considerable 
facility ; but the particles of rjiiartz not visible. 

This is the flinty slate or siliceous schist of 
some authors, hut it must not be confounded 
with that w'hicli is here enumerated under the 
Iieiul of Siliceous Schist ; which is distinct in its 
gerdog'ical position, and also distinguishable, on 
comparison, by a peculiar aspect of compactness 
and simplicity which cannot be described. 
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SECOND DIVISION. 

(Compound : indurated schistose clay, with 
some other ingredient conspicuously intermixed. 

A. Simple argillaceous schist, and mica. 

a. The mica extremely thin and broad : passes 

into micaceous schist. The lustre is 
sometimes silky, or plumbaginous. 

b. With minute scales of mica, either irregu- 

larly intermixed or disposed in laminae. 
Micaceo-argillaceous schist : the fine 
graywacke schist of some mineralo- 
gists, 

B. Simple argillaceous schist and talc; of a 
greasy feel, and silky lustre : passes into talcose 
ftchiiSt. 

C. Simple argillaceous schist intermixed with 
rhlorite. 

a. The chlorite invisibly minute, as if pow- 

deiy, the fracture dull and earthy. 

b. The chlorite foliated, or scaly, and the 

fracture glossy. 

'These varieties pass into chlorite schist. 

D. Simple argillaceous schist intermixed with 
hornblende. 

a. The hornblende in minute scaly crystals, 

or irregular grains, or flat plates. 

b. The hornblende fibrous: fascicular; or else 

straight, or curved, and radiated. 
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Some varieties of R. pass into hornblende 
schist. 

E. Argillaceous schist, A. div. first — intermixed 
with quartz. 

a. An uniform arenaceous mixture of sand 

and blue clay: imperfectly schistose, and 
somewhat resembling an argillaceous 
sandstone. 

Occurs in Scotland, in Sell and Luing. 

b. Quartz sand intermixed with laminar or 

massive schist. Fine gray wacke, ’ and 
graywacke schist, of mineralogists. 

c. Quartz gravel of various sizes similarly in- 

termixed : coarse graywackes. 

It is not unusual for the gravel in each difier- 
ent variety to preserve an average general size. 

F. Argillaceous schist, C. div. first, intermixed 
with quartz. 

a. Vlith very fine grains or powder of quartz. 

Not fissile ; fracture sometimes rough 
splintery, and often resembling the fine 
and grey varieties of primary sandstone. 

b. With visible grains of quartz of various 

sizes and resembling the coarser varieties 
of the same rock. 

This is also termed graywacke by mine* 
ralogists. 
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G. Argillaceous schist with imbedded particles 
of calcareous spar. 

Occui-s in Galloway, and, as it is said, in 
some parts of the Alps. 

H. Argillaceous schist with imbedded felspar, in 
crystals or fragments more or less rounded, and having 
a porphyritic aspect. 

This singular variety is found in Isla and Jura. 


THIRD DIVISION. 

Of Argillaceous schist, with two or more in- 
gredients. 

A. Argillaceous schist with quartz sand, and 
mica. 

a. Schistose. 

b. Massive. 

These are also ranked under the comprehen- 
sive term graywacke. When the qnartz predo- 
minates, they pass into micaceous sandstone. 

B. Argillaceous schist with quartz and felspar. 

C. Argillaceous schist with- quartz, felspar, and 
mica. 

These form other varieties of graywacke, and 
are generally thickly fissile. They are found in 
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the ai^illaeeous series of the HighlaiKi border ; 
as in Bute and Cowal. 

FOURTH DIVISION. 

Containing fragments of the same, or of othei- 
compound rocks: of a conglomerate structure 
more or less minute. 

A. Fragments of argillaceous schist reunited. 

a. Schistose ; slaty. 

b. Imperfectly schistose ; or massive. 

B. Fragments of qifartz united by argillaceous 
schist. 

a. With simple argillaceous schist. 

b. With any of the compound varieties. 

C. Fragments of quartz and of schistose slates 
united by van C. div. first — massive. 

D. Quartz, felspar, and clay slate in minute^ frag- 
ments ; united, with or without an additional argilla- 
ceous cement. 

E. Fragments of quartz and basalt cemented by 
a mixture of clay slate and quartz sand. 

F. Fragments of jasper and clay slate, with 
grains and fragments of felspar and quartz, united by 
a siliceo-argillaceous base : not fissile, very hard. 

G. Fragments of' micaceous schist and tpiartz, 
united by a mixture of schistose clay and sand, or of 
clay, sand and mica. 

H. Frag^n ts of fi ne or coar^fe argilkceoiis schist 
superadded to the same mixture. 
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This ciUnlogue might easily be extendi, as 
the varieti^ of mixture and aspect are very gPeat ; 
but it has been limited to those which are most 
conspicuous for their extent and frequency within 
tlie limits, of my observation, namely, in Scot- 
land, Wales, and Cumberland. It comprises 
the coarse graywackes and grayvvacke schists of 
minei’alogists, and these rocks have generally 
been enumerated in the transition class. 

VVhen the fragments become materially in- 
<Teased in size, such rocks would more naturallv 
claim a place anioug conglomerates; and it is 
obvious that these varieties bear tlie same relation 
to the finer argillaceous schists that the conglo- 
merates do to ordinary sandstone. They might 
peibaps be conveniently classed under a 

FIFTH DIVISION. 

Argillaceous conglomerates. 

Tbe varieties to be ranked under this title, if 
adopted, need not be specified, as they would 
merely be repetitions of the preceding catalogue. 
Tbe only distinction, to the collector of speci- 
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mens, would consist in the sizes of the fragments, 
and the consequent coarse texture of the rocks. 

It must be remarked, that many instances 
occur, in which specimens of these argillaceous 
schists are undistinguishable from shales, as ob- 
served also under that head. The distinction can 


only be made, in such cases, by reference to the 
geological connections. 

The following minerals occur imbedded in 
argillaceous schist, and most commonly in the 
simple and fine varieties. 


Wavellite. 
Chiastolite. 
Staurotide. 
Andalusite. 
Brown spar. 
Calcareous spar, 
Chlorite. 
Garnet. 

Epidote. 


Stilbite. 

Tremolite. 

Cyanite. 

Topaz. 

Lazulite. 

Opal. 

Pyrites. 

Oxydulons Iron. 


In certain argillaceous schists of this division, 
pyrites occurs in such abundance, and of such a 
composition, that they form aluminous efflores- 
cences on exposure. to air and moisture; pro- 
ducing aluminous slate. The same substance 
occurs also among the shales. 
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Our information respecting' this rock, from 
geological writers, is not only scanty, but has 
been rendered very obscure by the establishment 
of the transition class. It is impossible to disco- 
vf'v which of the limestones, described as belong- 
ing to this class, appertain to the primary rocks, 
and M'hich to the secondary ; and hence it is' dif- 
ficult to give any satisfactory information respect- 
ing the geological characters of the limestone 
now under review, except that which is derived 
from observations made in this country. 

No evidence on this subject can be received, 
short of that which is founded on its alternation 
with rocks acknowledged to be primary; al- 
though cases may be imagined in which, by 
forming the uppermost of the primary strata, it 
might be in contact with the lowest secondary 
sands’tone. As the presence of organic remains 
in some of the argillaceous schists of this class, is 
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proved, there is no reason to deny their probable 
existence in the limestones of the same period ; 
it is even certain, that, in one instance at least, 
they do so occur. The crystalline texture is 
equally incapable of proving their nature ; as it 
is frequent in the secondary limestones, atwl is 
not necessarily present in the primary. 

Primary limestone is found in strata of the 
usual variety of forms, alternating with other 
rocks of the same class, and it occurs in every 
part of the series. It exists, either in a consi- 
derable succession of unmixed beds, or else in 
rM*e and slender strata, or laminae intermixed in 
small proportion with some other rock ; most 
frequently, with the argillaceous schists. It is 
also found in irregular masses, or large nodules, 
which can scarcely be said to possess a stratified 
shape, and which very much resemble, as already 
remarked, the masses of serpmtine that occur in 
similar situations. Excepting in tEie crystalline 
form, it is never found in veins ; and, in this re- 
spect, it is -exactly analogous to quartz, the veins 
of which are very similar, and genemlly found in 
the same ratuations. 
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In Scotland, it occurs in contact with granite, 
in which case it is often indurated, and when very 
impure, sometimes converted into a cherty sub- 
stance hereafter described. In gneiss, it is found 
either in strata or nodules ; and these are some- 
times peneb-ated by the same granite veins that 
pervade the gneiss. Where it occurs interstratified 
with micaceous schist, as well as with gneiss, it 
is sometimes so intermixed with mica as to be 
difficultly distinguishable from these rocks, more 
particularly in the laminar fracture. In the same 
manner, where it is associated with argillaceous 
schist, the limestone is often invisible except in 
the transverse fracture; the rock yielding in a 
parallel direction to the stratification, only in 
those parts where a lamina of schist is interposed. 

Beds of limestone are often bent, and even 
considerably contorted, as are those of the rocks 
which it accompanies ; and these flexures are 
most visible in the varieties which contain mica. 
They seem to present no variations of structure, 
but the laminar, which are deserving of notice. 

The texture varies from the highly crystalline, 
of a faiger or finer grain, to the uniformly com- 
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pact and the eartliy ; and the mineral compoisitipu 
requires no notice, as it is fundamentally, 
simple rock. It is often, however, much modi- 
fied in aspect by the presence of unessential 
minerals ; and the varieties thence resulting are, 
in many cases, so remarkable, that it has been 
thought necessary to give thflm distinct places in 
the catalogue. The more rarely imbedded mine- 
rals, are, as usual, subjoined in a distinct list. 

The only instance in which organic remains 
have occurred to the author in primary limestone, 
is in Sutherland, and it is described in his work 
on the Western Islands. As conglomerate beds, 
or portions of conglomerated rock, are frequently 
found associated with the simple, it has been 
judged necessary to enumerate those varieties 
here; but they will also be found mentioned in 
the general chapter on that subject. 

It is here necessary to add, that although the 
primary limestones may generally be distin- 
guished from the secondary, by their often con- 
taining imbedded minerals which are not found 
in those, and by the frequent existence of organic 
remains in the latter, many cases occur where 
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they cannot be thus distinguished in hand speci- 
men ; when it becomes unavoidably necessary 
to have recourse to their geological connec- 
tions. 

In concluding this subject, it must finally be 
remarked, that, if the limestones supposed to 
appertain to the transition class, be refeiTcd to 
the secondary, those which are decidedly pri- 
mary, and which alternate with the several strata 
already described, will be found to occupy a very 
small space in nature, when compared to them. 
Should even many of the transition limestones of 
geological writers, prove to be strictly primary, 
this rock will still bear a small proportion to the 
other substances of this class ; and, in this re- 
spect, a strong contrast may be observed between 
the primary and secondary classes, in the last of 
which limestone takes so conspicuous a share. 
The geological considerations arising out of this 
fact, are of a highly interesting nature. 
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SYNOPSIS OF PRIMARY LIMKSTONK. 


FIRST DIVISION. 


Simple. 

A. Crystalline. 

a. Very larg’e grained, with straight lariielUe. 

b. The same, with the laiuellea curved. 

e. Large grained, and the crystals appearing 
to have compressed each other, ns in 
coccolite. 

d. Of a middle sized grain — marble of Paros, 

&c. 

e. Finely granular, saccharine, and firm ‘or 

loose : marble of Carrara. 

f. Finely granular and compacted, becoming 

splintery. 

g. The crystals so disposed, in consequence 

of a common polarity, that the rock has 
an imperfect schistose structure. In 
these cases it often appears, on a super- 
ficial view, to contain mica. 

B. Compact. 

a. Splintery; but with a rough, somewhat 

granular fracture, passing into the last 
named variety. 

b. Flat splintery ; smooth. 

c. Splintery and coucboidal. 
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The varieties with curved lamellse are gene- 
rally splendent in the fracture, and contain mag- 
nesia. Some of the finely granular, or large 
granular varieties, also occasionally contain this 
earth in very large proportion ; and the former 
are, in some cases, known by the name of dolo- 
mite. Magnesia occurs also at times in the 
compact kinds ; but these varieties are scarcely 
distinguishable without analysis. 

Under the head of Secondary Limestones, the 
magnesian limestone occupies a distinct place, 
on account of its important geological character 
and connexions. In the case of dolomite this 
seemed unnecessary. 

The colours of primary limestone are various; 
and, from different inodes of intermixture, there 
results an infinite diversity of marbles, of which 
a great many are distinguished by technical 
terms which it would be fruitless to enumerate ; 
as they are rarely descriptive, and will afford the 
collector of specimens no assistance in arranging 
his cabinet. The white varieties of a fine grain, 
are well known as statuary marble : the coloured, 
derive their tints from inflammable matter, or 
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from oxydes of iron, or from the intermixture of 
other minerals ; in which latter case they rank 
under the following division, 

SECOND DIVISION. 

Compound : of two ingredients. 

A. Limestone with mica interspersed. 

a. Foliated, iiTcgnlar, large granular, 

sembliiig granitic gneiss. Rannocb. 
h. Straight laminar, resembling micaceous 
schist of various aspects. Blair in 
Atholl. 

B. Interlaminated with argillaceous schist. •— 
Isla, &c. 

C. With liornhlende interspersed. Loch Laggaii, 
&c. 

D. With sahlite or augil of various colours in- 
terspersed, Tirey, &c. 

E. With talc interspersed. 

F. With noble serpentine or steatite intermixed 
or diffused so intimately as to communicate a general 
colour. 

G. With garnets, crystallized imperfectly, or dse 
uniformly diliused. 

H. With quartz, either in distinct grains, or so 
minute as only to be detected on analysis. 

I. Witli felspar. 

K. Impregnated with hitumen. Sutherland. 

L. With tremolite minutely intermixed. 

M. Withactinolife intermixed in the same manner. 
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THIRD DIVISION. 

Compound: of three iiif^redients. 

A. Lmiostone with noble serpentine and mica. 

B. With noble serpentine and sablite. 

IVilh hornldende and aiigit. 

FOURTH DIVISION. 

Compound: consisting of any of the preced- 
ing varieties witli fragments of previous lime- 
stones or of otlior rocks. ( onglomerates. 

A. With limestone fragments alone, united in 
various ways. 

a. The fragments imbedded in a g-eneral 
continuous calcareous base, 
h. The fragments agglutinated with little 
or no proper base, and ot various 
sizes. 

B. Fragments of quartz imbedded in limestone. 

C. Fragments of argillaceous schist imbedded in 
limestoiK'. 

I). Fragments of various primary rocks, with or 
without fragiiieiits of liniestoiie also, imbedded in a 
calcareous base. 

Most of the calcareous conglomerates w Inch 
are found in company vt ith the simple primary 
iimestoties, may be referred to one or other of 
the first three varieties, which are at least ttie 
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most conspicuous and common. For the con- 
renience of the student, they are all noticed again 
under the head of Conglomerate Rocks. 

The colours in these varieties are infinite, 
and the peculiar disposition of the parts gives 
rise to many well-known ornamental marbles. 

Independently of the general colours before 
alluded to, and those derived from the intermix- 
ture of the minerals just enumerated, the primary 
limestones present a great diversity of aspect from 
the passage of veins, as they are frequently 
fissured in intricate directions, and the fissures 
are generally filled with a pure white carbonat. 
In these cases they also occasionally become con- 
glomerates. Further, it may be added that the 
various shades of grey are among tlie prevailing 
colours. 

Besides the minerals which are enumerated 
in the second division, because they sometimes 
abound so as essentially to modify the character 
of the rock, others occur imbedded in limestone 
as their occasional repository. The following 
catalogue contains those most usual, including 
the substances which occasionally enter in larger 
proportion. 
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Tremolite. 

Serpentine. 

Sahlite. 

Steatite. 

Augit. 

Garnet. 

Hornblende; pargasite* 

Emeralc^ 

Hornblende; common. 

Spinelle. 

Actinolite. 

Tabular Spar. 

Aabestos. 

Idocrase. 

Mica. 

Stilbite. 

Talc. 

Olivin. 

Chlorite. 

Pyrites. 

Quartz. 

Titanite. 

Brown Span 

Scfaiefer Spar. 

Sphene. 
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The present substance offers an example of 
those difficulties which beset all altenipts to make 
an unexceptionable arranj^ement of rocks. It is 
non also, for the first time, admitted to a place 
among* these: a practice justified b\ the space 
which it so often occupies among* them, and by 
the peculiar connections in which it is found. 
To have ( onsidered it as a modification of gneiss, 
would have produced still greater irregularity; 
and, t<» have omilted it, would ha\e left a blank 
not atoned for by finding it enumerated by mibe^ 
ralogical writeis in their catalogues of simple 
minerals. 

( ompact felspar occurs also in another part 
ol* this arrangement, in a very conspicuous man- 
ner, both in irregrdar masses, and iji veins, form- 
ing a member of the great family of overlying 
rocks. The student who finds it constituting 
an integrant part of the series of gneiss, might 
therefore be misled, were it not here shown to 
exist also as a primary and stratified rock, of the 
same age and date as this antient member of the 
primary strata. The example of limestone would 
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have been sufficient to justity tlie present aiTange- 
ment, even without the nincli stronger reasons 
afforded by these t'ssential differences in the 
geological characters of this snl)staiice as it occurs 
in the primary atid secondar} classes. 

If there are transi<‘iit and occasional differ- 
ences in the specimens of this rock as they are 
found in these two distinct situations, they are 
not such as to form a permanent or effectual dis- 
tinction between the two; while the anal \ sis of 
both, presents, as far as is yet ascertained, the 
Same remarkable pecidiarities. 
j Compact felspar contains potash and soda 
united tc» the other earths that form its principal 
ingredients ; and both these alkalies are found 
in it, in whatever situation it exists ; j)rov'ing that 
it is radically, as well .as ostensibly, the same 
substance in both cases. By this analysis, no less 
than by its general characters, it differa essen- 
tially from common felspar, which contains pot- 
ash only. Were it either easy oi- adviseable to 
change a name long received, this is one, as al- 
ready hinted, by the reformation of which the 
mineralogical nomenclature might ac(|uire an 
advantage. But, as in many other cases, where 
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there is much to reform, and where the various 
effects which may flow from such changes can- 
not be foreseen, it is at least prudent to go on as 
long as possible with the established materials. 

The compact felspar in question, is only 
found, as far as I know, situated in gneiss, in 
which it commonly forms large flattened masses 
or imperfect beds. These do not possess the 
characters of veins, like the compact felspar of 
the secondary class, but either resemble the 
masses of limestone which occur in the same 
situation, or else graduate into the surrounding 
rock. In this case they are often, but not nece§t 
sarily, connected with that peculiar variety des- 
cribed in the Synopsis of Gneiss, into which 
compact felspar enters as an ingredient. 

Occasionally, this substance is also found in 
smaller lumps in the same rock, or else in those 
forms which are sometimes called by the ques- 
tionable name of contemporaneous veins ; origi- 
nating and terminating in the mass in which 
they lie. It also occasionally forms single laminae 
in that gneiss which possesses the granitic or schis- 
tose character. More rarely, it occurs in a simi- 
larly limited manner in g^nite. 
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The rocks of this character are always easily 
recognized, even at a distance, by the vrhite, 
nearly pulverulent, surface which they assume 
on exposure to the air. 

For the general definition of this rock, I may 
refer to the several treatises on mineralogy in every 
person’s hands, where it is described among the 
simple minerals, or to the description of its charac- 
ters given in the thirteenth chapter of this work. 

The varieties which it affords are so few, and 
so slightly different from each other, that they 
scarcely admit of being distinguished by any 
description or enumeration of charactei's. The 
distinctions of colour are the most conspicuous. 


SYNOPSIS OF COxMPACT FELSPAR. 
FIRST DIVISION. 

Simple, 

a. Massive, coiiipact, with a smooth fracture. 

b. Schistose, with a similar fracture. 

I'his variety occurs in Iona. 

c. Massive, with a granular or minutely 

uneven fracture; appearing to be 
formed, like granite, by a confused 
crystallization. 
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SECOND DIVISION. 

Compound. 

a. Containing dispersed particles of horn- 

blende, insudicient in quantity to 
alter its character. 

b. Containing- interspersed particles of 

quartz. 

'J'liese pass into those varieties of gneiss with 
which they seem to he invaviahly associated, and 
are, of course, not always definite. 

The. colours of t’oinpact felspar are various. 
I have observed it white, ash-coloured, smoke 
grey, dark grey, greenish grey, retldish brown, 
black, olive green, and bright yellowish, or grass, 
green. Several colours are also often intermixed, 
and it is not unusual for a mass of one colour to 
he intersected by filamentary veins, or very thin 
flat, or laminar, veins of another. 

The simple varieties also, pass into the gneiss 
with which they occur. 

I know not that it ever contains any imbedded 
minerals except those above-mentioned. 
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rHARACTEUS OK THE SECONDARY CLASS. 


In examiijiiifr tlic characteristics of the pri- 
mary class, many of the remarks applicable to 
the present, we>”e unavoidably anticipated. It 
was there shown, that it lists received this name 
because the rocks included in it are esteemed of 
posterior date to those ranked in the primary 
division. That fact is deduced from mxdtiplied 
observations, which prove that where the stra- 
tified members of both classes occur in the same 
place, the one is invariably superior to the other ; 
and that, as no such member of the primary class 
is ever found intruding' among the secondary 
strata, so no secondary stratum is ever found 
included between two strata of the primary 
class. 

But in the secondary class there is also com- 
prehended a great variety of nnstraiified rocks ; 
analogous to granite, as well in their leading 
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forms, as in their mineralogfical characters, and, 
in a similar manner, intruding in the shape of 
reins, not only among the stratified members of 
this class, but extending their ramifications even 
through the whole of the primary rocks, whether 
stratified or unstratified. 

That interference affords, in itselfi ample evi- 
dence of the secondar)' nature of these unstratified 
substances ; and is a sufficient proof of their pos- 
teriority to all the rocks with which they are 
connected, to supersede the necessity of any fur- 
ther remarks on that subject in this place. The 
peculiarities of character which render them 
objects of the greatest interest in the history of 
the earth, vrill, with more propriety and utility, 
be examined, as far as is admissible in a work of 
this nature, in the preliminary remarks that pre- 
cede the synoptic catalogue. The observations 
that here follow, must therefore be considered as 
extending solely to the secondary strata. 

These strata, thus once determined by the 
characters above mentioned, are discovered to 
possess, like the primary, other peculiarities, by 
which they may be recognized when the species 
of evidence derived from relative position, is in- 
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accessible in consequence of the absence of the 
latter. To repeat these characters, and to mark 
their insufficiency, singly taken, for the purpose 
of determining the nature of any member, would 
be merely to recapitulate that which was already 
said in the introductory remarks to the primary 
class, where the nature and extent of these uncer- 
tainties were stated. It is sufficient merely to 
observe, that neither the low inclination of the 
strata, the mineral characters of the species, nor 
the presence of organic remains, are, separately, 
capable of establishing a criterion between the 
two. T'he student who is foiled in one quarter, 
must have recourse to some other : but he can 
rarely be at a loss in determining their characters 
from their geological positions ; as the most doubt- 
ful rocks will generally be found associated in a 
manner easily investigated, with some other stra- 
tum of which the character is unquestionable, 
and, in particular, very often rendered so by the 
nature and abundance of the organic bodies which 
it contains. 

In the former remarks on the primary rocks, 
no detailed reasons were given for chusing the 
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precise line at which the bouiul.'vi'y between the 
primaiy and secoinlary classes was di-awn : why 
the red sandstone w'as <;oiisidered the Hrst of the 
secondary series. That en<|nirv is more particn- 
larly connected Avith the present remarks; as 
the leading- distinction of this rof;k, namely, the 
mechanical structure, forms one of the chief cha- 
racters of the secondary strata. 

It has been remarked, that where the primary 
and the secondary strata are found in conla<-t, the 
latter do not always folloAV in ))ara!lel order to 
the former, but rather meet them at some ang le. 
Moreover, in thus meeting, the surfaces of the 
secondary strata are sometimes found lying on 
the edges of the primary, as A\as formerly men- 
tioned in treating of the distinctive general cha- 
mcters of rocks. To this position, as already 
remarked, the t»;rms unconforniable and OA'cr- 
lying have been applied, ami it has been enu- 
merated aimmg the necessary distinctions be- 
tween the primary- and secoinlary strata. But, 
like all the other diameters of these latter rocks, 
this one is by no means universal, and we must 
beware of erecting from it a general rule^as it ig 
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by no means unusual for the secoiidary strata to 
follow tlie priinarv in })arallel order. Even 
amonf>- the primary fis well as the secondary 
strata, the reverse or imcouforiuable position 
sometimes oc(;urs. It is plain also, that, as a 
practical distinction, this rule is of little value, 
were it even more constant; because it <;an only 
be made use of at the boundary of the two classes, 
and perhaj)S not often with great safety even there, 
unless the ver^ junction also is visible. 

As the imconformahle position, however, 
occura in a suthcient nurnher of instances to be 
a remarkable circumstance in the history of the 
secondary strata, it has materially assisted, in 
conjunction with other characters, to fix the 
boundary of the ch»ss in which they are included, 
and, consequently, to distinguish the whole of 
the strata which enter into it. V\ hatever rook, 
last in the order of succession downwards, has 
been found to present this distinction in the pre- 
dominant cases, esj>ecially if that circumstance 
is united to some other of the characters of the 
secondary class, it is plain that every rock w Inch 
follows it in the order upwanis, must belong to 
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that class also, although the order of succession 
should in any particular instance be deficient or 
irregular. It has appeare<l in the course of geo- 
logical investigations, that the red sandstone was 
the last rock in the order of succession downwards 
which thus holds a position nnconforniahle to the 
primary strata ; and its claims to be considered 
the lowest or first of the secondary class, have 
been further confirmed, by finding that it was 
formed from the fragments of the primary, or of 
preceding, rocks, and, not unfrequently, even 
from the ruins of those very strata with which it 
was in contact, or which occupied the nearest 
place to it. 

Thus the boundary line between the primary 
and secondary classes seems to have been j)roperly 
placed between this substance and the nearest 
primary rock with which it is in contact, or im- 
mediately below the red sandstone ; it having 
been already seen, that the inconstant order of 
succession in the primary class, must render it 
impossible to determine what that rock may be. 
As already shown in the table of succession, every 
rock, from granite throiigh the whole series of 



385 


OF TUe SECONDARY CLASS. 

the primary strata, may be that on which the red 
sandstone reposes. 

But in some instances, as was also shewn in 
that table, even tlie red sandstone may be absent ; 
and lluis, some otlier and superior meniberof the 
secondary class, may be in contact with the pri- 
mary rocks. Sucii jleficiencies need excite no 
surprise, and they can seldom be attended with 
much practical inconvenience ; as the other cha- 
racters of the strata a\ liich are superior to it, are 
g’enerally so well marked ;ts to leave no ground 
for doubt respecting their place in the arrange- 
ment. 

In concluding these remarks on the boundary 
between the primary and secondary strata, it is 
necessary to say, that from tiiuling that the first 
member of the latter is conipo.sc«l of the frag- 
ments of the former, geologists have concluded 
that a marked interval of time had elapsed before 
the secondary strata acre consolidated and depo- 
sited on the primary ; a consequence necessarily 
arising from their composition. The highly in- 
teresting conclusions with regard to the whole 
class, which flow from'the pi-esence of coal, and 
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from the abundance and nature of the organic 
remains which they contain, are subjects for the 
especial consideration of geological treatises, or 
theories, and can find no place in this work. 

As a class, the secondary strata still require 
a few observations before proceeding to enume- 
rate the individual rocks ranked in it. 

In comparing the catalogues of the primary 
and the secondary strata, it will be seen that many 
very distinct species are contained in the former, 
but that the species in the latter are nearly con- 
fined to sandstone, limestone, and shale. Notwith- 
standing this limited number of leading distinc- 
tions, they present much variety in the details ; 
even independently of the organic remains con- 
tained in them, by which other differences of a 
very important nature arealso frequently produced. 
These distinctions, however, are of such a nature 
that they can claim but little notice in a catalogue 
of rocks. They appertain, for the most part, 
either to that branch of geology which is of a 
geographical nature, or to that which treats of the 
order of succession, and of the characters, of 
those interesting strata which indicate the succes- 
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sion of different classes of organized beings, 
which have occupied the former sur&ces of the 
earth. 

That the secondary rocks are much more 
limited than the primary, in their extent as well 
as in their depth, is so obvious, as scarcely to need 
a remark. Were they not indeed often dehcient, 
the primary would jiot be visible on the surface. 
While, in fact, the primary rocks constitute, as far 
as we can discern, the mass of the earth, the se- 
condary are distributed in a very partial and un- 
equal manner. The j)rimary rocks may also be 
considered universal, since they are found with 
similar characters over the whole globe ; and if 
access could be obtained to them, they would 
doubtless also be found to recur in a continued 
and similar general succession every where. But 
the secondary strata can ordy he considered as 
universal in a more limited sense, or inasmuch as 
similar rocks occur, as far as their leading distinc- 
tions, or species, are concerned, in every part of 
the world. In other respects they are partial, 
since they are not continuous. There is also 
reason to suspect that they are partial in a still 
c c 2 
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stronger sense of the term ; as the peculiar vari- 
eties which occur in one country, or over a cer- 
tain extent of the surface, appear to have no 
existence in other remote places. 

In the same manner, uncertain as is the recur- 
rence of the different members of the primary 
class, as far as the order of their relative arrange- 
ment is concerned, every one of the members 
seems to occur in the course of the series, in evei*y 
countr}'. But, in the secondary, the nature, as 
well as the order of arrangement of the remark- 
able varieties, (which, for the purposes of geolo- 
gical histoiy, are distinctions of great moment,) 
is very different indifferent situations; as if the 
primary rocks had every where been formed and 
disposed according to a general law for the whole 
globe, while the secondary were regulated by 
rules constant only for one limited portion of the 
surface. 

These questiojis are of great importance in 
geological science, and open a wide field of inves- 
tigation to its cultivators. 'I'his is not the place 
to enquire further respecting them. It may only 
be remarked, that the deficiencies of the secon- 
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dary strata may arise from two causes. They 
may have been destroyed during the lapse of 
time, in consequence of the ordinary effects of 
wear, or of other causes respecting which we can 
only conjecture, lliere is also reason to suppose 
that they have often been originally but partial de- 
posits ; limited to certain districts on the surface, 
probably of a concave form, and technically 
termed basins. This latter opinion is supported, 
partly by the peculiar manner in which the dif- 
ferent members of a series come successively in 
contact with the primary strata, the highest stra- 
tum covering the widest space, and partly, by the 
different order of succession of the members in 
different places, and by the peculiar limited cha- 
racters of the several deposits. 
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The rock which forms the subject of the pre- 
sent chapter, has very frequently been designated 
by the name of the old red sandstone, for the pur- 
pose of distinguishing it from certain sandstones 
of the same colour, which are found higher up in 
the succession of the secondary strata. 

These, more recent red sandstones, are fre- 
quently separated from the rock in question, by 
intervening strata of sandstone, limestone, and 
shale ; in which cases the geological distinction 
is easily made : much more easily indeed than the 
mineral distinction, which, if certain specimens 
of both be compared, can scarcely be perceived 
by the eye ; far less be rendered intelligible by 
description. 

Occasionally, however, the more recent red 
strata, are found in immediate contact with the oW 
red sandstone ; an occurrence which often proves a 
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source of considerable difficulty to geologists. 
They have also been found in contact even with 
the primal^ stmta, as the superior secondary strata 
of other kinds occasionally are ; and, in such 
cases, it is evident that the difficulty may be 
materially increased, and that all the sagacity of 
the geologistmay sometimes be required to make 
the distinction, and to avoid being misled by the 
consequences that Avould result, from an error in 
this case, with regard to the succession of the 
secondary strata. 

Although the mineral distinctions of these two 
rocks, may be sufficiently determinate to enable 
an observer to decide on their nature, when a 
considerable number of specimens from any given 
tract are examined, or when an average of the 
characters of the whole deposit is taken, it will 
not, in most instances, be safe, or even possible, 
to draw such conclusions from the examination 
of a small number, much less from that of a 
single specimen. Similar cases, however, are of 
such frequent occurrence in examining other 
rocks, both among the primary and secondary 
strata, that they offer no novelty in this pai'ticular 
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instance. They only serve to prove still fur- 
ther, that which has been already fully shown, 
that the most accurate knowledge of rocks in 
specimens, or the most attentive examination of 
their mineral characters, is not sufficient to super- 
sede the necessity of geological investigations, 
where questions of a geological nature are con- 
cerned. 

In the case of the lowest red sandstone, there- 
fore, as in many others where the chief interest is 
of a general or geological nature, the mineral 
description of the rock must be consitlered as 
merely accessory, and as tending to enumerate 
the varieties in structure and composition, which 
may occur among the strata that appertain to it. 
Yet, an accurate knowledge of those varieties 
may often be of materia! use to a geologist, by 
enabling him, sometimes even separately, but, 
more frequently, in conjunction with other cha- 
racters, to determine a question ot this nature, 
where the evidence derived from position is ob- 
scure, or unsatisfactory, or difficult of access. 

The further remarks that might here be offered 
on this, as on similar subjects, are the busines of 
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geological treatises, and do not admit of being 
detailed in Ibis work. The peculiarities also 
which distinguish the superior red sandstones, 
will more properly be examined hereafter, under 
the head of the upper sandstones, to which these 
properly belong. It will be merely necessary to 
remark, that as the term red has been given to 
both these kinds of sandstone, and as this colour 
forms a very conspicuous link of resemblance, 
when there are, moreover, often present but very 
slight shades of difference in other respects, it is 
especially rerpiisite for the student, to be on his 
guard lest he pronounce a judgment fi-om that 
which must be considei ed an accidental, and not 
a necessary, feature. Such terms too often concur 
in biassing the views of observers, even of great 
acuteness ; more particularly, when derived from 
characters so striking and so obvious ; and were 
it possible to change names long received, the 
aboliti(»n of the term red sandstone, would go far 
tow'ards remeclying an evil, of which every geolo- 
gist must, at some time or other, have been fully 
sensible. 

It must be left to the decision of geologists, 
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whether it would not be prudent to adopt for this 
sandstone some term analogous to the German 
name of the red dead-lier, by which it has errone- 
ously been described, or to the provincial English 
name of the red ragstone, more congenial to our 
own language. In the mean time, the term old red 
sandstone has not been used in this work ; partly, 
for the purpose of avoiding any confusion between 
the primary and the secondary sandstones, and 
partly, because that term, if it must be retained, 
seems most applicable to the former. 

In the observations on the primary sandstone 
which have preceded, the circumstances, both of 
mineral structure and composition, and of geo- 
logical connections, by which that rock is dis- 
tinguished from the lowest red sandstone of the 
secondary class, have already been detailed in a 
great measure. That which remains to be said 
on the subject, will be found ip the following 
remarks on the position, association, and miperal 
characters of the latter. The reader will, from 
those, be enabled to deduce for bimself, whatever 
points of contrast or resemblance the writer has 
not thoi^ht necessary to state in a deteiled 


manner. 
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It has often been the practice with geological 
writers, as has already been remarked, to com- 
prise under the name, not only of this rock, but 
of many others, several substances of a distinct 
mineral character, which are, either frequent^, 
or usually, associated with the principal rock. 
These are generally, if not always, in smaller 
quantity than the leading substance which gives 
a name to the whole ; and are found, most com- 
monly, in repeated alternation with it. 

The term formation has been applied to such 
groups of alternating strata, and the associated 
substances are considered as subsidiary, or subor- 
dinate to the leading rock of the whole. It is 
not here the place to enquire respecting the uti- 
lity or the propriety of this practice, or of that of 
the terms above mentioned : it is a question that 
appertains to geology. But in a mineralogical 
description of rocks, the use of a term so geneiRl 
as that of formation, thus applied, would evi- 
dently be improper ; as, under the red sandstone 
for exainple, in the instance now under examin- 
ation, there would be found, not only shales cf 
various kinds, but limestone. These are there- 



$96 


LOWEST RED SANDSTONE. 


fore considered merely in the light of alternating 
strata, and are separated accordingly, so as to 
come under examination in their proper place. 

When the red sandstone under review is pre- 
sent, it is in contact, at its lower part, with the 
primary strata ; and, thus, may approximate to 
any one of the whole series formerly described. 
It is rarely found so situated with respect to 
granite ; but Kildrummie in Aberdeenshire, and 
Suthefibnd, furnish examples of this nature. It 
is also more frequently found in contact with the 
argillaceous schists, than with the other members 
of the primary class ; although it does occur in 
this manner with every one of them. As it is, 
however, sometimes absent, other members of the 
secondary strata are found occupying the lowest 
position. 

It was already noticed in the preceding chap- 
ter, that the strata of this sandstone are not neces- 
sarily placed in a reverse, or unconformable 
order, to the primary with which they are in 
contact. In certain cases, they are found to suc- 
ceed them in a pa^llel position ; and, in these, 
when argillaceous schist is the preceding rock, it 
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sometimes happens that a gradation takes plaee 
at the junction . The ai^illaceous schist becomes 
coarse and filled with fragments, forniing that 
which is called graywacke ; and as a similar cha- 
racter is found in the first beds of the sandstone, 
the boundary between the two rocks, and, conse- 
quently, that between the primary and secondary 
strata, is indefinite. The peculiar interest at- 
tached to this occurrence, is the province of the 

; - 4 ' 

geologist. I’he mineral distinction cmihbt, of 
course, be made ; and the specimens must neces- 
sarily, as in all similar gradations between ap- 
proximate strata, be considered as of an interme- 
diate nature. 

The substances which, as already observed, 
are found to occur in alternation with the red 
sandstone, are, generally, varieties of shale. A 
gradation, in this case also, sometimes takes 
place at the points of change ; so that interme- 
diate rocks of no very definite character, are 
sometimes found among tlie sandstone strata. 
Under the same circumstances, small strata of 
limestone also, are occasional found ; and even 
there become sometimes indefinite at their sur- 
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faces, by a gradual intermixture of fragments of 
calcareous matter, and of those which appertain 
more properly to the sandstone. It is as yet 
uncertain, whether the white sandstones which 
are sometimes found similarly .alternating with 
tbe red, are to be considered as colourless portions 
of the same deposit, or as alternating strata, like 
the shales ; but, in truth, this seems rather to be 
a doubt respecting the use of a term, than about 
a geological fact ; as there are no means of de- 
termining a real difference, under circumstances 
of this nature, among rocks of mechanical com- 
position deposited in the manner in which ail the 
arenaceous secondary strata appear to have been. 

It is almost unnecessary to repeat, that any one 
of the secondary strata may folloAv the red sand- 
stone in a continuous series, after it has disap- 
peared, and that these are generally in parallel, 
or conformable, order. 

The strata of red sandstone vary much in 
thickness, individually, as the whole deposit itself 
also varies in depth. As the latter sometimes 
ranges from a tt^sand yards or more, to the 
thickness of a few' feet, so the strata may be found 
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reaching to a dimension of many feet, and des* 
cending even to that of an inch. They are some> 
times separated, merely by planes, without any 
intermediate substance, or change of structure. 
In other cases, the separation of the beds is ef- 
fected by intermediate laminae of shale, or clay, 
or by alternating beds of the former substance, 
or of limestone. Not unfrequently also, the dis- 
tinction is produced by mere change of structure, 
or by a difference in the magnitude of the' frag- 
ments which compose the proximate beds, or 
the parts immediately in contact. In a few in- 
stances, the separation of the beds is caused by a 
lamina of parallel mica ; and, in this case, it is 
not unusual for the sandstone to present a laminar 
structure. 

Strata of this sandstone, like those of the pri- 
mary rocks, are not necessarily of equal thickness 
throughout ; but are, on the contrary, often ex- 
tenuated till they disappear In the same man- 
ner, they are sometimes curved in a grealib' or 
less degree ; but, in this rock, as in the secondary 
strata in general, these* iiicuifations never pm- 
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ceed to such an extent as in the primary, and can 
never be said to amount to contortions. 

It has been imagined that red sandstone 
formed veins passing' through the adjoining' strata, 
as has also l)een asserted of the upper sandstones. 
It were a Avaste of time to tiy to prove the erro- 
neous nature of an opinion wliich could only 
originate in a total misapprehension of tlie nature 
of a vein, 

sandstone sometimes exhibits peculiari- 
ties of internal structure, but they are seldom 
visible in the entire rock ; such as they are, they 
are detected by the action of the weather, to 
which the softer parts jield most readilj. 

Like granite, this rock sometimes splits into 
cuboidal and prismatic masses, which afterwards 
become rounded at the angles, so as frequently 
to emulate, at a distance, the ap[)earance so often 
exhibited by that substance. As in granite also, 
it may frequently be concluded, that masses of 
red^ndstone must contain intersecting laminae 
of a harder texture than the general bodj' of 
the rock, as the ieq||>osed surfaces present reticu- 
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lating and protuberant veins. When the wasting 
of such masses has proceeded to a considerable 
length, as oft^i liappens where they are exposed 
to the action of the sea, the intervals between the 
veins become so deep, that a sort of cancellated 
or cavernous structure is exhibited ; as was for- 
merly noticed in desc ribing the several varieties 
of concretionary structure found in rocks. 

A spheroidal concretionary structure the 
small scale, is also occ asionally found in the red 
sandstone ; and this, like ihv former, is princi- 
pally c1etc‘ctecl by Ihe a(‘tion of the sea. Arran 
exhibits striking examples of this and of the pre- 
ceding vari(.‘tic*s. It is not imj)robable, that the 
peculiar disposition of the rc^ci and white colours 
ill the niottk'd varieties of this rock, are the 
result of a concretionary structure ; but, as yet, 
I have not beiai able to asc*ertain this by the exa- 
mination of suc*li varieties, after an exposure 
capable of producing the effect in (jnestion. 

Ill a general sense, the red sandstone ilifiist 
be considered as formcxl of |ragments, more or 
less minute, of lueeeding rolp, or minerals. 
When these are of the usual size of sand, the 
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finer sandstones are produced; when larger, the 
results are coarser grit-stones, and conglomerates, 
or breccias. The term sandstone, is however 
applied e<jually to the whole ; although, rather 
in a geological, than in a mineralogical sense. 

In the finer sandstones, the adhesion of the 
parts is sometimes sligltt ; and the rock is there- 
fore of a feeble texture, while its mechanical 
strucfeire is also in this case most evident. In 
otheire, the adhesion is very firm, althougli it is 
impossible to trace any particular cementing me- 
<lium by vvhich the uni<*n of the parts is effected. 

But, in some varieties, it is very apparent, 
that the harder parts are united hy the interven- 
tion of a general cementing medium or paste ; 
commonly consisting of that ferruginous clay to 
which the colour of the rock is, in most cases, 
owing. In a few instances, this medium appears 
to be carbonat of lime ; or else, by a mixture of 
the two, there is formed a sort of general basis, 
inl^ich the harder parts are iinbetlded. 

It was formerly shown, that, in the primary 
sandstone, the ''^(Itns of quartz, of which it is 
principally composed, were often firmly com- 
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pacted into an almost uniform mass, by a cement- 
ing medium of crystalline quartz; and this, 
although less frequently, sometimes takes place in 
the secondary re<l sandstone. It is in these parti- 
cular instances, that the distinction between the 
two rocks, in a inineralogical sense, becomes most 
difficult. As in all parallel cases, it can then only 
be made by an examination of the geological 
characters of the rock in (juestimi. 

Even in these instances, however, the lextiife 
of this sandstone isg-eneraily more or less distintly 
granular, or at least sjdinterv; nor can it be con- 
founded with those I'ocks, n hich, like granite, are 
formed by the mutual interference of parts purely 
crystalline. If instances of such a difficulty do 
occur, they are extremely rare, and are limited to 
the places where such sandstones have been found 
in contact with granite ; a fact to be observed in 
some parts of Scotland . 

Where a stratum of red siuidstone is formed 
of coarser materials, these are almost invariabl^ 
mixed with the finer sand, and the process of 
cementation, in these cases also, subject to the 
same modifications. 
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The sizes of the parts of which this rock is 
formed, are iiifiiiiteJy various ; and, although the 
largest do not often exceed a few inches in dia- 
meter, thej sometimes attain to dimensions of 
more than a foot. In all cases, their aspect varies 
with respect to the marks of wear which they 
exhibit ; as the} are sometimes acutely angular, 
and, at others, as far rounded as is possible. 
T|)e proctf*! which the latter display of distant 
ti^tsportation, or of long continued friction, are 
highly interesting in a geological view, but are 
not objects for the present inquiry. It may 
happen, that angular and rounded fragments are 
contained in the same mass, or specimen ; but 
it is more usual for a common character in this 
respect, if not a very defined one, to pervade one 
mass or stratum. 

It is not necessary that the w'hole of one 
stratum should be fonned of coarse frag-meiits, or 
of fine sand ; or that the sandstone and the con- 
^oinerate should occupy distinct places. On the 
contrary, it is not unusual for one part of a bed 
to be fine, anrf 'ahother coarse ; and this variation 
of structure may occur, either vertically, or at 
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right angles to the plane of the bed. or else la- 
terally, or according to its extent. Occasionally 
also, solitary fragments of a determinate bulk, 
are found imbedded in the finer rock. 

The simple minerals which enter into the 
composition of the red sandstone, ^e, r(uartz, 
felspar, clay, mica, and carbonat of limt*. These 
are all apparently derived from the disintegration 
of previous rocks, the larger fragments producing 
the coarser or conglomerate varieties. Ai^ng 
these, quartz sand is the leading ingredient. Clay 
is the next, and to the colour of this substance, 
that of the rock is generally OAving. Mica is com- 
paratively a rare ingredient ; or, rather, it is not 
an abundant one. Its presence has been im- 
properly supposed to be always sufficient to <lis- 
tinguish this sandstone from those, superior in 
position, Avith which it might otherwise be con- 
founded. Carbonat of lime is also rare ; and, of 
the felspar, it may be remarked, that it is seldom 
either abundant, or of common occurrence ; jpgr- 
ing, apparently, been generally decomposed, so 
as to form the clay already no^ced. It is in the 
frequent presence of this sub^nce, that the dis- 
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tiuction ill the mineral character of the primary 
sandstone, is most |)erceptihle. 

The rocks niiich, by their fragments, con- 
tribute to the formation of the coarser varieties, 
may consist of any one, or of all, of the members 
of the primary class. It is very rare, however, that 
the w hole of these are found together. Granite, 
as among- the most durable, is also among the 
most freijuent ; and the argillaceous schists, as 
pog^sing- a more feeble texture, are lea.st com- 
mon. Large fragments of common quartz, are 
also of frequent occurrence among the fragments 
of the compound rocks. It is an interesting point 
in geology, to note the relation boi-ne by the 
fragments in any of these sandstones, to the pri- 
mary rocks in the immediate vicinity ; but it 
does not form part of the present examination. 

It is also an important geological fact to re- 
mark, that fragments of the trap rocks, here con- 
sidered as, in a general w'ay, belonging to the 
s^^dary^ class, are sometimes found in the con- 
glomemtes ; as it proves that some of these, at 
least, are of an origin prior to the secondary 
strata; unless indeetl such fragments may be 
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supposed to hiive been derived, in some cases, 
from granite, among- the varieties of which, as for- 
merly remarked, such substances are often found. 

With respect to the component parts of this 
rock, it must lastly he observed, that fragments 
of previous sandstones are sometimes found im- 
bedded in it. hether these are portions of 
unknown rocks tliat have <lisappeaved from the 
surface, is an object for geological inquiry; hut 
as it has been already sho%vn that there is a red 
sandstone among the primary sti-ata, it is to this, 
in all probability, that we must look for their 
origin. 

Few imbedded minerals are found among the 
secondary rocks. In this, sulphat of barytes some- 
times occurs in veins, as does gypsum. Iron 
stone is not unfrequent, and p3Tites also is some- 
times present: oxidulous iron is rare. In no case, 
however, do any of these interfere with the tex- 
ture, or modify the general character of the rock. 

Few organic substances occur in thf^red 
sandstone, nor have the species which do occur, 
been fully investigated. At any rate, they ant: 
not within the limits of the present inquiry. 
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The |)re\ailing' colour of this rock is that 
whence its name lias been derived. The red 
varies from a bright ochre down to the ilarkest 
brf>wii, and even tu a blackish purple. Many 
varieties of gre} , also oci ur, from .dark blueish to 
the lightest asli iiolonr, at length piissing to an 
imperfect wliile. 

But the most remarkable modifications of 
colour, (.onsistof intermixtures of red and white ; 
and these varieties have been distinguished by 
the name of the mottled or variegated sandstone, 
as if they formed a distinct geological mass. 
That this is not the case, however, is jiroved by 
their occurring in alternation and intermixture 
with all the other varieties, riie most remark- 
able of these, e.xhibits white circular spots of 
different sizes, more or less abundantly disse- 
minated in the red grouml ; and they are proved, 
by the fracture of the stone, to be spheroidal. 
In other examples, the white is dis[)osed in veins, 
or i^other ways intermixed with the red colour: 
ancHt is remarkable, that where these characters 
prevail, they gen6i*ally also pervade the accom- 
panying shales. 
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SYNOPSIS OF THE LOWEST (RED) 
Sy^NDSTONE. 

FIRST DIVISION. 

Simple : of <(iuirtz alone. 

A. Sandstone, of various degrees of hardness. 

a. Fine, arenaceous. 

I>. Gravelly. 

c. Compact, splintery, scarcely arenaceous. 

These varieties are comparatively rare. The 
colour is sometimes white, but it is also occa- 
sionally reddish, yellowish, or grey ; the quartz 
itself being coloured : Var. c. is not to be dis- 
tinguished from quartz rock, except by its con- 
nections. 


SECOND DIVISION. 

Comjtound ; of two or more ingredients. 

A. Quartz sand mixed with clay. Argillaceous 
sandstone. 

a. Gravelly. 

b. Fine, arenaceous. 

c. Very fine, the particles of iqp^artz 

invisible. 

These vary materially in ^pect and character, 
according to the relative proportions of the in- 
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gradients ; the last, loses, at times, all appearance 
of a sandstone and passes into shale and into 
argillaceous iron stone. They also vary accord- 
ing to the degree of induration. The prevailing 
colours are reds, and different tints of grey. 
They are sometimes also of a dull while, or yel- 
lowish, or brown, or purplish, or green, or dark 
lead blue, or mottled with two or more colours, 
as grey and red, or red and white. In this latter 
case, the colours are often remarkably disposed, 
as before mentioned. 

B. Quartz sand, mixed with sand or particles of 
felspar. 

a. Gravelly. 

b. Arenaceous. 

These varieties differ in aspect according to 
the relative proportions of the ingredients. They 
also vaiy in colour, that being chiefly detenmned 
by the tint of the felspar. The prevailing colour 
is red, of various tones. White, and grey, are 
more rare. 

C. Quartz sand with carbonat of lime : calcareous 
sandkone. 

a. Gravelly. 

b. Arenaceous. 

This variety is generally white. 
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D. Quartz sand with carbonat of lime and clay : 
nrgillo-calcareous sandstone. 

a. Gravelly. 

1). Arenaceous. 

These vary in colour according to the tints 
of the clay. W hen the quartz is very fine and 
in small j)ro[)ortion, they pass into calcareous 
shale or inai le slate. 

E. Quartz sand with mica, or with mica and clay : 
of various degrees of fineness. 

a. The mica irregularly interspersed : 

massive. 

b. The mica disposed in a parallel manner, 

often in separate laminse; schistose, 

and splitting more or less perfectly. 

Schistose sandstone. 

F. Quartz sand with indurated or schistose clay. 

This may equally be enumerated under the 

head of argillaceous schist, (graywacke) ; but it 
occurs as a transition from sandstones of a de- 
cided character, and is associated with them. 

G. Quartz sand, with sand from the wearing of 
trap rocks. 

Other varieties occur from the occasional in* 
termixture of other minerals, or from the exist- 
ence of a greater number of ingi^edients ; but 
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the preceding are the most usual, and it is unne- 
cessary to prolong a catalogue of minute varia- 
tions. 


THIRD DIVISION. 

Containing fragments of jwevions rocks : of 
a conglomerated structure. Red sandslone con- 
glomerate, or breccia, of mineralogists. 

A. The basis consisting of cither of tlic pr(‘ced- 
ing* fine varieties except F an<l G, Division Second, and 
containing fragments of quartz only. 

B* Similar bases, wifh fragments (d* granite, or 
gneiss, or micaceous schist, or quartz rock, or jasper, 
or all of these, with quartz. 

C. The same bases, including F, Division Second, 
with fragments of argillaceous schist. 

D. The base G, Division SccomI, containi^ , 
fragments of trap rocks. 

E. The bases A, B, C, D, E, Division Second, ' 
containing fragments of sandstone, with or witliout 
other fragments of previous rocks. 

It is easy to iiiiagijie a mucli greater variety 
of compounds, and perhaps many others exist. 

It is unnecessary to refine on these divisions, and 
the preceding contain all those wliich, as fa^j' as I 
have observed, possess distinct characters and 
occupy important geological positions. 
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It has alreacly been observed, that whatever 
variety in a mineralogieal sense, and whatever 
important distinctions of a geological nature, 
may exist among tlie secondary strata^ they are 
nearly all comj>rised under the heads of sand- 
stone, limestone, and shale. Among the numer- 
ous varieties of the former rock, that which was 
described in the preceding chapter, is generally 
very distinguishable from the rest by many im- 
portant mineral characters, as well as by the 
steady and peculiar nature of its geological posi- 
tion. Rut, among those which follow it in 
order, which alternate with the other members 
of the same class, it is very difficult to make such 
mineral distinctions as to render it either neces- 
sary or useful, to treat of them separately. 

In a geological view however, the distinctions 
are often of great importance. In many coun- 
tries, or districts, these strata occur in a certain 
order, and under certain relations to the accom- 
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panying rocks, which, in those tracts at least, are 
constant ; although the same order and the same 
associations, are not found in remoter tracts and 
in other countries. Mineralogical ditferences, in 
other respects trifling, thus become of great con- 
sequence in geological investigations and descrip- 
tions ; more particularly in the local or geogra- 
phical department of geology, lint the interest 
of these strata chiefly depend on their geological 
associations and characters; sometimes on the 
nature of the organic remains Avhich are con- 
tained in them or in the accompanying lime- 
stones. I'hey rarely, if ever, are founded solely 
on mineral characters ; nor is it possible, by such ' 
characters aU)ne, except in some peculiar in- 
stances, to distinguish them from each other, so 
as to recognize them when separated from their 
connections, liven in those feu cases where 
they may be distinguishable by an eye practised 
in their peculiar niceties of aspect, the distinctive 
characters can seldom be conveyc<l by words. 

If the mineral resemblance of these sand- 
stones, is such, that distinctions can be rarely 
made among them, sufficient to justify the placing 



SUPERIOR SANDSTONES. 


415 


of each in a separate division, so, in their geolo- 
gical recurrence, they resemble analogous 
primary strata, in which no such distinctions 
were thought necessary. Among these, argilla- 
ceous schist, and ijuartz rock, occur in as many 
positions and alternations as do these sandstones 
in general. Tlje record of these is t|ie business 
of geology ; and, in the case of the secondary 
sandstone, also, it seemed unavoidable to leave 
these differences, such as they may he, to those 
who treat of the getdogical history of strata, 
Avhether local or general. Had a different pro- 
ceeding been here adopted, it w’ould have been 
necessary to enter on the details of these local 
connections ; and had each stratum ox formation 
of sandstone Avhich enters into the structure of 
England, for example, been described under a 
separate title, the descriptive catalogues of varie- 
ties Avould have been little else than mere repe- 
titions of the same unvarying characters. 

It is true, that one, or more, of these, such as 
the red marie of the English geologists, might 
have been placed under a separate head : but as 
nothing was hei’c admissible on the subject of its 
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geological relations, and as it .^resents scarcely 
any Tariet^iP character, that chapter would have 
been nearly a vacant attempt to preserve an use- 
less appearance of regularity. 

For these reasons, it appeared preferable to 
place the wfible of the sandstones which follow 

^ i * 

the lowest^ under one title; referring liie reader 
to geological writers for those distinctions which 
confer on them their peculiar interest ; and con- 
densing into one catalogue, all the mineral varie- 
ties which are the peculiar objects of this work. 

Where it has apjieai'ed ])ossible to refer any 
variety to a known position among British strata, 
it has been done in the Synopsis. But this part 
of tlie subject is unavoidably imperfect ; jis the 
minute distinctions of many of these local rocks, 
are scarcely definable in words, and as many of the 
most important, are deriA^d from (economical 
uses, dependent also on properties which cannot 
be described iti an intelligible majiner. 

There is not much to be said on the general 
forms and minend characters of these sandstones, 
which would not be a repetition of that Avhich 
has already been stated in the preceding chapter. 
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For this reason that enumeration maj,' admit of 
being brief. 

In the forms, dimensions, and divisions of 
the strata, the ujiper sandstones resemble the red 
sandstone already descril)e<l. llie masses, or 
collections of beds, often also attain to very con- 
siderable dimensions, Avithout the intervention of 
any alternating substanci^. In the island of 
Rasay, for example, the}' reach to a thousand 
feet and upAvards in thickness. 

Like the red sandstone also, these strata alter- 
nate Avith smaller inter\cinng lieds of shale, and 
of limestone ; and, in a fcAv instances, Avith beds 
of clay, and of sand. In some cases, these alter- 
nating substances are considered as subordinate 

* 

to some mass or series of sin idstone strata ; and 
thus there is described w formation, or particular 
association, AA'liich seems to he sometimes of a 
very arbitrary, if not of an imaginary nature ; 
since, in other instances, the same alternations of 
these calcareous or schistose rocks, under dif- 
ferences of dimension, are held to constitute dis- 
tinct formations, or to separate one association of 
sandstone strata bearing some local title, from 
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another known by some other name. But this 
is the peciilikr business of geology. 

The occurrence of coal, as an alternating sub- 
stance in the lowest red sandstone, is so rare, that 
no notice was taken of it in the preceding chap- 
ter ; althou^ it is known so to exist in the island 
of Arrafa. ’But, in the upper sandstones, it fre- 
quently occurs ; or rather, tlie beds of coal are 
almost necessarily accompanied by alternating 
strata of these rocks. 

Where mica is found in these sandstones, it 
is often the cause of a laminar tendency, and, as 
in the red sandstone, flags of considerable value 
for oeconomical purposes are thus g'enerated. 
I'his cannot, however, be considered among the 
modiflcationi' of structure ; but those forms 
wdiicli may fairly be referred to such a cause, are 
very conspicuous in some varieties of this rock. 

The first of these deserving of notice, is truly 
laminar, and independent of the intervention of 
mica, or of any other substance. The sandstone 
in which it is found, is composed of quartz alone ; 
and the tendency to split, is generally only de- 
tected by the action of the weather. The mode 
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of division is sometimes extremely s^^ular, but 
as it cannot be rendered intelligible without a 
figure, the reader must unavoidably be referred to 
that work on the Western Islands already quot^, 
where the most remarkable instance yet described 
is represented. It is found in the Isle of Sky. 

Many singular modifications of a concre- 
tionary structure, equally unintelligible without 
drawings, occur in this rock ; and they are, in 
the same wu}-, detec^ted only by the weathering 
of the exposed surfaces. The consequences thus 
produced, are often such as to resemble the artifi- 
cial ornaments given by architects to rustic base- 
ments ; the feebler parts wasting, while the 
harder remain in a variety of hatched and vermi- 
cular forms. 

The spheroidal t-oncretionary structure on the 
large scale, is sometimes found in these secondary 
sandstones. In this case, the spheroids are inde- 
pendent of each other, and imbedded in the ge- 
neral mass ; being distinguished, after the wasting 
of the surrounding parts, by their superior hard- 
ness and permanence. The surfaces of these 
spheroids are sometimes cracked into polygonal 
£ E 2 
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compartments ; and it sometimes also happens, 
as in the accompanying limestones, that two 
flattened spheroids are connected by a cylindrical 
stem, so as to resemble a military projectile 
known by^ iJie name of bar, or double-headed 
shot. 

It is not iinfreqnent, in these sandstones, to 
find some strata filled with small cylindrical con- 
cretions resembling worms, placed parallel to 
each other, and vertically to the plane of the stra- 
tification ; but the cause of this, as of the other 
singular appearances of a similar nature, is as yet 
unknown. 

Indui’ated lamime, similar to those already 
described in the red sandstone, and often inter- 
secting each other, are also found in these rocks ; 
and they are detected, like all the rest of these 
peculiarities, only by the action of the weather. 
In this way, evidence is sometimes afforded, of 
the decomposition, in situ, of beds of sandstone ; 
as these laminae, or veins, are sometimes found re- 
taining their original hardness and imbedded in 
a mass of loose sand. At Kildrummie in Aber- 
deenshire, a very striking example of this is to be 
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seen ; and it may serve to prove, that where sand 
and sandstone are found intermixed, the former 
is as likely to have originated in the disintegra- 
tion of the latter, as that the rock has been con- 
solidated from loose sand. 

With res[)ect to the supposed veins of white 
sandstone, it is unnecessary to say mop than what 
was remarked in speaking of similar occur- 
rences in the red. W hatever the nature of such 
appearances may he, they can only he consi- 
dered as veins by ignorance or voluntary self- 
deception. 

The structure of the sandstones under review, 
is almost invariably fine grained and arenaceous, 
like the predominant varieties of the red ami 
low est strata. I'hey rarely afford exainjiles of a 
conglomerate or coarse grained structure. They 
vary however materially in point of induration; 
being sometimes extremely tender, and, at others, 
com|)acted to the hardness of qntirtz rock. In 
some rare instances, they are as com|)act as the 
m^)st crystalline varieties of that rock ; but, in 
these, it will generally be found that they lie in 
the immediate vicinity of trap, to the influence 
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of which that change of character may be at- 
tributed. 

Where they are most tender, the adhesion of 
the distinct grains is produced without the ap- 
parent intervention of another substance. The 
most compact kinds sometimes owe their texture 
to the cementing property of clay orofearbonat 
of lime ; and where the compactness is still more 
perfect, it is found that the adhesion is caused, 
as in quartz rock, by the intermedium of a crys- 
talline continuous cement of quartz. It is in 
these instances that they are often difficult to dis- 
tinguish from quartz rock except by their geolo- 
gical [tosition. 

Where these sandstones contain much clay 
or calcareous earth, or both together, and, at the 
same time, lie in the vicinity of trap rocks, they 
often pass into jas|>ers or cherts ; as is mentioned 
in the places where these rocks are more parti- 
cularly described. 

The minerals which enter into the formation 
of these sandstones, are very limited ; since they 
consist only of quartz, carbonat of lime, clay, and 
mica. Quartz is the essential and predominant 
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ingredient; the others are comparativtly rare, 
and almost always in very small quantity, but on 
them chiefly depend the numerous varieties of 
character which this rock presents. 

As these sandstones alternate with shales and 
with limestones, they sometimes also pass into 
them by insensible gradations; but the transi- 
tions into the fonner, are more frequent than 
those into the latter rock. 

No independent minerals, except pyrites, are 
found imbedded in these sandstones. Cobalt, 
oxidulous iron, bitumen, and manganese, are too 
rare to deserve being reckoned among substances 
capable of modifying the character of the rock. 

Many organic substances, both vegetable and 
animal, are found occasionally included in some 
of these sandstones, as are fragments of carbonized 
wood , and of coal. Moreover, there often occur in 
them, forms which appear to have been produced 
by the previous existence of vegetable bodies, of 
which, nearly all but the traces have vanished. 
There are, generally, cylindrical substances, often 
of considerable dimensions, with scaly surfaces, 
or with regular impressions resembling those 
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found on the stems of certain palm trees, and 
supposed to have been derived from some source 
of that nature. In some of these instances, the 
originally vegebdde nature of the cause is pi’oved 
by the existence of a portion of coal in the con- 
cretion, ocysupj^ng the place which the bark must 
have done in the vegetable. It has even hap- 
pened in sdme recent cases, that portions of erect 
trunks of trees, similarly < haracterized by the 
carbonized state of the bark, and by the forms of 
the roots also, have been found in these strata; 
the place of the wood being entirely occupied by 
the sandstone. Remarkable e\ani|)les of this 
nature have been lately discovered near Edin- 
burgh, and at (ilasgow. 

Althongh the coloui’s of the upper sandstones 
vary, the predominant hue is nhite. I his is 
sometimes ver} |»ure at others tinged with 
yellow. ()<-casionally also, they are grey, or 
mottled and striped, in various ways, with white 
and yellon , or white and red, or with more than 
two of those colours. Those tints are hoMCver 
far less various and remarkable in these than in the 
red sandstone. In some rare instances, they are 
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found of a black colour, from the presence of 
bitumen or charcoal : the other colours depend 
on those of the clays which enter into their com- 
position. 

'I'hc red variety, known by the name of the 
red marie, and already tmticetl, requires however 
to be particularly distinguished oii accpthil of its 
peculiar geological circumstances already alluded 
to, and because it is the fre(|ii(nt repository of 
rock salt and of gypsum, as well as of sulphat of 
strontian. 


SMNOFSIS OF THE SUPERIOR 
SANDSTONES. 

FIRST DIVISION. 

Simple : of (piartz alone. 

A. An aggregate of grains of quartz, more or 
less condensed, and varying in hardness. 

a. Of a large grain ; gravelly. 

b. Fine ; arenaceous. 

I'hgse varieties are almost necessarily white ; 
but they vary in brilliancy according to the qua- 
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lity of the quaitz from which they are formed. 
When highly indurated, they cannot be distin- 
guished from some of the varieties of quartz 
rock, except by their position. They are occa- 
sionally indurated to the state of common quartz 
in the vicinity qf trap. 

SECOND DIVISION. 

Compound : of two or more ingredients. 

A. Quartz sand and carbouat of lime. 

a. Large grained ; gravelly. 

b. Fine ; arenaceous. 

These varieties are generally white. 

B. Quartz sand with clay. 

a. Large grained ; gravelly. 

b. Fine ; arenaceous. 

The colours of these are various. I bey are 
either white, or ochre yellow of different hues, 
or red, or grey of different degrees of intensity, 
or greenish, or black. They are also occasionally 
mottled and striped of various colours. The red 
varieties, more particularly, but many of the 
grey and white also, are not distinguishable from 
some of the lowest (or old red) sandstone, ex- 
cept by their geological positions. As sufficient 
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access to a whole series is not always to be ob- 
tained, it is sometimes impossible to make the 
refjiiisite distinctions. 

C. Quartz sand with schistose clay. 

This variety, although akin to the former in 
name, presents sufficient distinctnu^ss of character 
to justify a separation. The clay is sometimes 
more or less distinctly interlaminated, and the 
rock passes into sliale. 

D. Quartz sand with clay and carbonat of lime. 

a. Large grained, gravelly. 

b. Fine, arenaceous. 

E. Argillaceous or calcareo-argillaceous sand- 
stone mixed with bitumen. 

This sometimes passes into bituminous shale. 

F. Quartz sand with clay and mica, or with clay, 
carbonat of lime, mica, and red oxydeof iron. 

The red marie of English geologists belongs 
to this division. 

G. Quartz sand, with carbonat of lime, mica, and 
green earth. Kentish rag. 

H. Sandstones of various quality, containing a 
large proportion of rust of iron : that substance often 
forming the cement of the other ingredients : ferrugi- 
nous sandstone. 

The sandstones of the Second Division, like 
those of the former head, when in contact with 
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trap, pass into a species of jasper, or into chert. 
They are sometimes found penetrated by oxyde 
of cobalt, by oxydulous iron, and by carbouat of 
copper, and they frequently contain pyrites. 

THIRD DIVISION. 

Couglomei^tes. 

A. Sandstone cuiitaining' I’rag'inciits of c|uartz. 

B. Sandstone containing nodules of trap. 

C. Sandstone containing fragments of previous 
sandstones. 

D. Sandstone containing fragments of schistose 
clay or shale, or of limestone, or of both. 

£. Sandstone containing dints. English pud> 
ding stone ; of Hei'tfordshire. 

This is sometimes of a loose arenaceou!|p^- 
ture ; at others, it is indurated to the hardness of 
quartz. It is a question whether it does not 
rather belong to the alluvial rocks. 

Organic remains, both vegetable and animal, 
as already noticed, and fragments of charcoal, 
are not unfrequent in the sandstones classed under 
this head. 
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It was formerly remar keil, that the primary 
limt'stones bore a very small proportion to the 
other strata Avith which they are associated. In 
the secondary class, on the cmitrary, the space 
occupied by the calcareous strata is A'en’ great, 
whether we consider the thickness of the beds, 
ortl^ie extensive tracts of country in which they 
aii^^^uud to be the predominant rocks. 

"riie great importance A'ery properly attachetl 
by geologists to many of the secondary limestones, 
might have appeared to justify a separate des- 
cription of some of these, instead of thus treating 
of the whole under one general head. But the 
present plan, as in that of the sandstones, was 
not adopted Avithout ample consideration of the 
subject, and till after a full conviction of the im- 
possibilitj of forming any other arrangement, 
without producing unnecessary repetitions, and 
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encroaching on the peculiar department of the 
geologist. 

The same arguments are indeed here appli- 
cable as in the case of the sandstones. The pri- 
mary limestones exhibit peculiarities of character, 
much more strongly marked and more various 
than the secondary ; yet no reason thence arose 
for treating of them under separate beads. On 
a due examination of those which belong to the 
latter class, it will immediately appear that the 
most striking distinctions consist in the nature 
of the organic substances which they contain ; 
and that their other important differences are of 
a geological nature ; relating, either to their order 
of succession and association, or to their geogra- 
phical situations. Neither of these are within 
the limits of this work. 

With respect to many of the limestones des- 
cribed by authors, more particularly in foreign 
countries, there has been great difficulty in ascer- 
taining their nature from the descriptions, so as 
to give them places in the catalogue of varieties. 

It is even uncertain with regard to many, whether 
they are primary or secondary ; and this dpnbt 
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has arisen, as already noticed in treating of the 
former, from the lax use of the term transition, 
which seems too often to have been made a con- 
venient evasion for difficulties with which the 
observer was unable or unwilling to cope. It is 
not therefore in the case of the white limestone 
of Greece only, M’hich appears to be secondary, 
that this difficulty has occurred ; and time alone 
can remedy this and many other defects which 
unavoi<lably beset a subje<jt that has hitherto ex- 
perienced but a very imperfect consideration. 
There is no one of the sciences in which super- ^ 
ficial observations are so easy to make and so 
difficult to detect or verify ; and the use of p very 
few established terms and phrases, enables the 
most incompetent observer to throw obscurity, 
for a long f>eri()d, over the most simple facts, and 
to convey the semblance of information without 
the substance. 

Secondary limestone is much more decidedly 
stratified than primary, which, it has already 
been seen, is often found in the form of large 
imbedded irregular masses. Vet some cases also 
occur, where the form of stratification disappears, 
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or where this limestone presents the shape of 
bodies as irregular as granite or serpentine. 
This loss of the stratified form is sometimes so 
complete throughout a giren mass, that no traces 
of it are visible ; but, in other instances, it is easy 
to perceive, ^bat the beds lose their regularity in 
a gradual manher, aud that a shapeless mass is 
thus continuous with a collection of the most 
regular strata It is further important to remark, 
that, in these cases, the organic bodies a Inch are 
contained in the shapeless rock, are commonly 
very obscure and ill defined, and, very generally, 
rare ; while it is also sometimes easy to perceive, 
that in those instances where a regular series of 
beds gradually loses its form, the organic remains 
undergo similar gradual changes, till, at the end, 
they sometimes entirely disiippear. 

Under the same circumstances, such lime- 
stones undergo an alteration of a[)peardnce and 
texture. The dark varieties change their colour 
to some lighter tint; and, in this manner, black 
strata have been observed t(» become gradually of 
a pure white. The soft earthy varieties, in the 
same cases, become compact, or even crystalline ; 
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and, in some particular instances, they undergo 
that more complete change into chert which is 
noticed under a subsequent head. 

These changes will be found sometimes to 
occur in the vicinity of the trap rocks ; in others, 
they may be observed where no siiqh rocks are 
present ; but as these highly interesting facts, and 
their probable causes, are more especially matters 
for geological discussion, the reader must here be 
referred, for further information, to the author’s 
account of them in the work already often men- 
tioned, where they arc described as occurring in 
the Isle of Sky and in the Isle of Man. 

Strata of limestone vary materially in thick- 
ness, and in the parallelism of their opposed 
planes, as those of sandstone have already been 
shown to do ; and the accumulation of beds, 
which forms any single series of one A^ariety, 
differs in the same manner in dimensions, from 
the thickness of a few feet to masses of moun- 
tainous bulk. In a similar way, they often fonn 
very extensive tracts of country in some places ; 
while, in others, they are limited* to dimensions 
of a few miles, or even yards. 
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The beds of limestone are associated in a 
constant system of alternation with the other 
secondary rocks, and, occasionally, even with 
clay and with sand. As in the case of the sand- 
stones, when, in such an association, the other 
substancis a^ “subordinate in (|uantity, they are 
considered atsi- 'iithorf/inate in geological phiRse- 
ology, and the term formation is applied to the 
whole ; the series being’ named from the lime- 
stone. In other instances, the interposition of 
masses of shale and sandstone, is supposed to 
distinguish effectually between one set of cal- 
careous strata and another ; and thus a series of 
limestone acipiires a different name, which is 
either provincial, or, if more generally found in 
nature, derived from some more general source. 
Thus we have the geographical term Jura lime, 
stone, the provincial term Lias, and the more 
general one, mountain limestone. 

If these distinctions arc sometimes arbitrary, 
or limited and local, in others they are suffi- 
ciently determinate and indisputable: being ac- 
companied by certain steady and general charac- 
ters, and, very often, by the peculiar nature of the 
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imbedded organic remains. All these are mat- 
ters of a highly interesting nature, but the most 
general notice of them onl}'^ is admissible in this 
place. 

Some remarkable varieties of internal struc- 

■j?'- 

ture are found in the secondary Jimestones. 
I'hat which has been called the schistose, is im- 
properly so named, as it is, more strictly, laminar. 
Almost all the laminar limestones seem to owe 
their fissility, either to the presence of certain 
organic remains, or to the interposition of shale 
or clay, however small in (pianlity. Although 
these forms, therefore, may often he very remark- 
able, they cannot he considered as examples of 
an internal structure. Kven the most thinly 
laminar limestones, whi«-h are often so valuable 
for oeconomical purposes, appear to derive that 
form from their stratification ; and the laminae 
ought to be considered as thin strata separated 
from each other without an intervening substance, 
as the larger freipiently are. I am not aware 
that any example has occurred in the calcareous 
rocks, of a fissile tendency not confirming to the 
planes of stratification. Should such occur, as 

F F 2 
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in the sandstones, it would necessarily be ranked 
among the modifications of a concretionary struc- 
ture. 

The fibrous structure, already described in 
the general remarks on the forms of rocks, occurs 
in this limestone, yet it is not common. As in 

...r'-ii 

the case of ^'psum, it appears the result of crys- 
tallization, and the fibres are always at right 
angles to the plane of the strata. It is remarkable 
that the same apparent stratum is sometimes 
fibrous in one portion of its thickness and amor- 
phous in the remainder ; or, if the two are really 
distinct strata, they are not separable by mecha- 
nical force. The fibres are generally both straight 
and parallel, and they do not lose the latter cha- 
racter even when slightly curved, as they some- 
times are. In some rare instances, they present a 
singular imperfec'tly ramified appearance, not to 
be rendered intelligible by words, and very 
much resembling, on a general view, the effect 
that would be produced by an aggregate of or- 
ganic remains. 

The small columnar, or large fibrous struc- 
ture, also occurs in limestones, but still more 
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rarely, and it presents several varieties of appear- 
ance. In some cases, the prisms are simple and 
parallel ; in others, simply radiated from one 
center; or else they interfere with each other as 
they proceed from various centers. These prisms 
are sometimes, but not necessarily, crystalline ; 
and they are frequently imbedded, in the form 
of distinct radiatini? concretions, in continuous 
masses of an earthy character. In a few rare 
instances they are not only striated longitudinally, 
but marked at intervals by protuberant joints; a 
structure formerly mentioned as also occurring 
in some ironstones and jaspers. From the re- 
semblance which some of the above-mentioned 
appearances present to organic bodies, these va- 
rieties have been distinguished by the name of 
madreporite. 

The spheroidal structure occurs in limestones 
under three very distinct forms. 

In the first of these, spherical grains of lime- 
stone are agglutinated into a solid mass, the par- 
ticles varying from the size of poppy seed to that 
of a pea ; and these rocks are known by the name 
of oolites. The grains are sometimes simple; 
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but, in other cases, they are formed of concentric 
crusts. 

In the second variety, the sj)heroidal structure 
is on a lai^er scale, and the sjdierules, which are 
simple, inteifere with each other so as often to 
present considerable irregularity. On weather- 
ing, as Ihe intermediate soft parts disappear, they 
become very visible; protruding in the same 
botryoidal forms which are hereafter mentioned 
as also oc<'nrring in the siliceous schists. 

The last variety so exactly resembles that 
already described ijs sometimes occurring in the 
sandstones, that it is oidy necessary to repeat the 
remark there made, by observing, that the sphe- 
roids are, in this case, imbedded and sparingly 
dispersed in the general mass of an ordinary stra- 
tum ; that they extend to the diameter of two, or 
even three feet, are commonly very much flat- 
tened, and are sometimes associated in pairs by 
a cylindrical stem. 

Before quitting the subject of structure, it 
must be observed, that these limestones are fre- 
quently found to have been fractured and re-united 
by the same materials. In this way they present 
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a great variety of appearance, depending’ on the 
colours, proportions, intermixture, and size, of 
the parts ; and these, like the primary calcareous^ 
rocks which exhibit similar features’^are some- 
times wrought as ornamental marbles. 

Conglomerate limestones ai’e also found among 
them, consisting of a basis of calcareous matter 

,■ ' 4fi 

’With imbedded fragments of older rocks ; and 
these are not unfret|nently interposed among the 
strata of the lowest red sandstone. (Calcareous 
conglomerates also occur in the upper limestones 
of the west of Kngland, which seem to correspond 
to the magnesian limestone of the north-eastern 
district. As these are necessarily treated of again 
under a distinct head, the present brief notice of 
the fact will in this place suffice. 

I'he texture of secorulary limestones, like that 
of the primary, is very various. They are some- 
times earthy, like chalk, or else somewhat more 
compact, and presenting a dull, but even, fracture, 
like that of the non-fissile argillaceous schists or 
claystones. Such earthy limestones are com- 
monly of a very fine texture, but, occasionally, 
they have a coarser or an arenaceous appearance. 
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The dullness of the fracture may diminish, 
while other circumstances continue the same ; 
and thus they acquire a more compact and a 
harder asj^ct, with corresponding varieties of 
surface on fracture. This appearance of com- 
pactness is often so perfect, that the fractured 
surface is uniform and smooth as that of pitch 
or glass ; and, in these cases, it is sometimes evep, 
at others, conchoidal,and, occasionally, splintery. 

The secondary limestones, like the primary, 
are sometimes crystalline ; and that crystalline 
texture presents as many modifications of appear- 
ance in the one class, as it does in the other. To 
detail these varieties could serve no purpose ; but 
it may be added, that it is not uncommon, in 
certain situations, for crystalline particles to be 
intermixed in a base of which the prevailing cha- 
racter is compact or earthy. 

These resemblances of character between 
many limestones of the secondary and others of 
the primary class, are of considerable import- 
ance. They serve to prove that which has 
already appeared in many other cases, namely, 
that the mineral distinctions between the two. 
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are not sufficient to enable us to decide on the 
class of any such rock from an examination of 
its mineral characters alone. Where organic 
remains are not present, that difficulty can only 
be remove*] by investigating the geological con- 
nections of the rock in question ; and it is from a 
mixture of theoretical opinions on this subject 
with superficial observations, that so many secon- 
dary limestones have been placed in the imagin- 
ary transition class. 

It ought not to be omitted, that among the 
peculiar characters of this limestone, that of flex- 
ibility has been found to exist, as it is also known 
occasionally to do in some rare varieties of gneiss 
and of sandstone. A peculiar magnesian limestone 
of Sunderland, mentioned in ,the catalogue of 
varieties, offers, however, as I believe, the only 
example which has yet occurred. 

The simple minerals which enter into the 
composition of the secomlaiy limestones, are, 
principally, carbonat of lime, with occasional, 
but far inferior proportions of quartz sand, and 
of clay. Charcoal, or carbon under some modi- 
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ficatioD, and bitumen, also occur, and, in many 
varieties, in considerable abundance. 

Whe^ a notable proportion of (jiiartz, or of 
sand, is united to carbonat of lime, the texture 
of the rock is generally very (compact ; and, 
although tlie particles of rjuartz are rarely visible^ 
such limestones give fire freely with steel. At 
the same time, they generally effervesce with 
difficulty, and do not easily burn into friable lime. 
In the vicinity of trap rocks, such limestones pass 
into chert, as is hereafter noticed more fully under 
that head. 

Where a large proportion of clay exists, the 
limestones also effervesce with difficulty ; and, if 
that substance is in great excess, refuse to bui’n 
into lime. As quartz is also an ingredient in 
these cases, it is not imfre<juent for them to fuse 
into slag's in the kiln ; but when the proportion 
of these ingredients is moderate, they produce 
cements capable of hardening immediately on 
the application of water, as is in other cases prac- 
tised, by mixing the burnt clays with pure lime. 
The lias strata are peculiarly noted for possessing 
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this property, by which they are often rendered 
very valuable. It must lastly be remarked on 
this subject, that these argillaceous^imestones 
sometimes entirely lose their characters, and 
pass into the shales by which they are accom- 
panied. 

* 

The presence of bitumen, commonly commu- 
nicates a black colour to limestone, with a fetid 

. ’-V 

smell either on burning or on friction ; and these 
varieties are sometimes, but not necessarily, ac- 
companied by organic remains. Besides simple 
bitumen, it w'ould however appear that some 
other inflammable matter is occasionally con- 
tained in them ; as is proved by the smell of sul- 
phuretted hydrogen, and by other peculiarly fetid 
and indescribeable odours which they sometimes 
emit on friction. 

It does not appear that the secondary lime- 
stones are ever the repository of any simple 
minerals capable of modifying their characters ; 
unless pyrites be considered an exception. The 
metallic substances found in them belong to veins, 
and are not here subjects for consideration. 

The organic remains found in these strata. 
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are of great variety, and they form a set of most 
important geological distinctions. Their value, 
however, in identifying distant strata, is as yet 
unsettled, and will probably prove far more 
limited than was once supposed. The study of 
these substance is of so important a nature, that 
it would be injurious to give, in this work, that 
which must, from its nature, be necessarily su- 
perficial and limited. Nor is indeed our know- 
ledge of them as yet so far advanced as to admit 
of any unexceptionable arrangement of them, 
even by those to whom this branch of geology 
has formed a peculiar object of attention. That 
department of the science is as yet nearly in its 
infancy ; and it must even remain for a future 
time, to decide in what manner a subject so inti- 
mately connected with the study of zoology and 
anatomy, is to be treated of by geological writers. 
To attempt to combine that which is imperfecdy 
known, with those departments of which' the 
knowledge is so much further advanced, could 
serve no useful purpose ; and would, by its 
unavoidable imperfection, throw an air of iosuf> 
ficiency over the whole of this arrangement. 
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When our knowledge shall be further extended, 
it may become possible to combine in one work 
the proper mineral characters of rockf with the 
description of those once living bodies which are 
now imbedded in them ; but it is more probable 
that it will be found necessary to separate into 
distinct w'orks two subjects which interfere in 
many important points, more than they coalesce 
in others. 

The last subject relating to the general cha- 
racters of the secondary limestones, is colour. In 
those rocks which contain no organic remains, 
and even in many of those in which they exist, 
the colour is commonly uniform throughout. In 
these cases, scarcely any tint is found but the 
intiumerable varieties of grey ; at one extremity 
of which may be placed pure white, as black is 
sometimes found at the other. Ochry yellow 
tints are also occasionally to be observed, but 
varieties of red are far less common. 

Where organic remains are imbedded, the 
colours of these bodies, and those of the base, 
are sometimes different ; the former being white 
or light grey, while the latter are dark. In other 
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instances, a much greater variety of hue prevails; 
different tints of yellow, red, grey, white, and 
black, being sometimes intermixed in various 
modes. Such secondary limestones are, like the 
primary, frequently wrought as marbles for pur- 
poses of oinament; as are indeed many of those 
w)iicli, with one colour only, present a texture 
capable of assuming a proper polish. I'o notice 
these in greater detail, is beyond the limits of’ a 
work which only professes to treat of mineral diis- 
tiuctions. They are often highly interesting in 
the arts, and ornamental in cabinets of speci- 
mens; but are too easily distinguished, and at 
the same time far too numerous, to find places, 
even in the catalogues of varieties ; among which, 
the distinctions arising from colour have here 
been systematically neglected, as of a trifling and 
unimportant nature. 

SYNOPSIS OF SFCONDAllY LIMESTONE. 

FIRST DIVISION. 

Simple, or nearly so : former! of carbonat of 
lime with little or no intermixture of other earths. 
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Effervesces readily and burns to lime which is 
easily slacked. 

A. Crystalline ; more or less perfect, 

a. Granular. 

b. Granular splintery. 

A white variety oecurs in Sky^ not to be 
distinguished from primary limestone (marble 
for sculpture). They are however more fre- 
quently grey. In some oases, and not unfre- 
queiitly near trap, crystalline particles, or por- 
tions, more or less extensive and conspicuous, 
are found imbedded in, or intermixed with, lime- 
stone of an earthy texture. 

B. Compact, with a smooth fracture more or less 
glossy. 

a. Flat, splintery. 

b. Splintery and small conchoidal. 

C. Thin laminar, scarcely schistose. 

D. Fibrous, or prismatic. 

a. Fibrous, more or less minute : the 

fibres simple, parallel, and coalescing; 
sometimes, slightly undulated. The 
lustre is occasionally silky, and the 
colour white; forming satin spar. 

b. Fibrous, the fibres ramifying; coa- 

lescing, and with a pseudo-organic 
stiHicture. 
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This is found in Effg, and elsewhere, with 
ordinary varieties of the former. 

c. Prismatic, parallel or radiating : the 
prisms more or less easily separable : 
sometimes striated, and with an ob- 
scure appearance of joints: — pseudo- 
organic; Madreporite of mineralo- 
gists. 

E. Concretionary spheroidal. Peastone, roe- 
stone, and oolite. 

a. With large spherules, sometimes com- 

pressing each other. 

The structure of the spherule is often dis- 
tinctly laminar and it scales off in concentric 
crusts : rare ; in some cases, apparently of recent 
alluvial origin. 

b. With spherules of a moderate vsize ; 
i roestone. 

c. With minute spherules, varying much 

in size and sometimes becoming in- 
distinct : — oolites of England. 

d. The spherules intermixed with frag- 

ments of irregular forms. P|[rbeck 
stone. 

F. Fragile, or easily sectile. 

a. With a smooth somewhat glossy frac- 
ture ; indurated chalk. Ireland. 

t'H,' 

h. With an earthy fracture ; compact, but 
soft: common chalk. 
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c*. Coiitaiuiiig clay : grey chalk, 
d. Earthy, incompact : chalk marie. 

This last might equally have been enumerated, 
only with marie. The white limestone of Greece 
is said to resemble var. a. ; but the want of ac- 
quaintance with it prevents me from determin- 
ing its place. ; ' 

All the varieties of this division become occa- 
sionally impure, so as to pass into those of the 
next. The colours of these limestones are 
various, as formerly remarked, but the following 
are among the most common. White, pale grey, 
dove colour, dark grey, reds of various hue, 
greyish brown, red brown, dark brown, black. 
These tints are, as in the primary limestones, 
sometimes intermixed in various ways ; and the 
varieties of colour are increased by the intersec- 
tion of veins of a pure carbonat of lime, or by 
the presence of organic remains. Such varieties 
are sqpietiines wrought as marbles for ornamental 
purposes. 

SECOND DIVISION. 

Compound, containing a notable proportion 
of some other earths or substances. 


G G 
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The nature of such admixture is only ascer- 
tained by chemical analysis ; but it is accompa^ 
nied by certain external characters by which it 
is afterwards recognized R'ithout that assistance. 

A. Calcareous carbonat, with magnesia, chiefly. 
Magnesian, limestone. 

-v a. Massive. 

b. Laminar, and flexible when moist. 
Sunderland. 

The proportion of magnesia amounts to 
twenty per cent., or more. The lustre exceeds 
that of common limestone : the fracture is granu- 
lar and somewhat arenaceous. That of England 
(well known) is of a dull ochry yellow colour. 

B. Calcareous carbonat, with a conspicuous pro- 
portion of clay intermixed ; contains also some silica. 

Aberthaw limestone. Lias limestone. Oc- 
curs in beds among the series of the same name. 

a. Massive : sometimes in laminae divided 
so minutely by clay or shale as to be 
nearly schistose. 

As the proportion of clay is sometim^ very 
considerable, it often effervesces with difficulty, 
flies to pieces in the fire, and w’ill not burn so as 
to slack in water: if the heat is excessive, it 
forms a slag. The lime produced from some of 
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the varieties, hardens suddenly when wetted, like 
tarras cement. The stone used in lithographic 
engraving belongs to this place. The colours 
are generally various tints of grey, from pale to 
nearly black. It is also occasionally of a dull 
white. The texture is more or less /minutely 
granular, or uniform and smooth. 

b. Concretionary : small spheroidal : bo- 

try oidal. 

c. Concretionary: large spheroidal: ge- 

nerally oblate, and sometimes at- 
tached in pairs by a cylindrical bar. 

Occurs imbedded in the massive : in Rasay 
and Sky. 

C. Calcareous carbonat with a considerable pro- 
portion of oxyde, or rather rust of iron, as well as of 
clay and silica. Spheroidal, flattened. Often divided 
internally into prisms by calcareous spar: septaria. 

This is imbedded in the blue clay of England. 
Produces water cements, like some varieties of 
the preceding. 

D. Calcareous carbonat with notable proportions 
of clay, silica, and oxydcs of iron. 

Occurs in the lowest red sandstone. . Is fre- 
quently red, yellow, or mottled of various colours, 
or grey, or even white, and scarcely burns to lime. 

G G 2 
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a. Imperfectly granular; shining. 

b. Earthy. 

c. Smooth : the fracture splintery or ap- 

proaching to the conchoidal. 

This variety becomes so overcharged with the 
other earths, as to pass into calcareous shale, or 
marie slate. 

E. Carbonat of lime, more or less pure, and in- 
termixed with bitumen. Bituminous limestone. 

F. Carbonat of lime intermixed with a large 
proportion of silica chiefly. Eflervesces with great 
difficulty, unless in powder : forms slags in the fire : 
passes into calcareous sandstone. 

When near trap, it is often highly indurated, 
even previously to its assuming the character of 
chert, and it then fretpiently presents a very ano- 
malous appearance. I'hese varieties effervesce 
with still greater reluctance, unless reduced to 
powder. 


THIRD DIVISION. 

Compound : containing some visible ingre- 
dient intermixed. 

A. Limestone containing mica. 

B. Limestone containing mica and sand. 

These varieties occur in company with mica- 
ceous, or micaceo-arenaceous shale. 
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FOURTH DIVISION. 

Containing fragments of limestone, or of quartz, 
or of differentcompound rocks. Conglomerated. 

A. Containing fragments of previous limestone. 

B. Containing fragments or pebbles of quartz. 

C. Containing chert or agate, in fragments. Oc- 
curs at Clunie in Perthshire. 

D. Containing fragments of argillaceous schist; 

probably of shales. 

Some of these are necessarily noticed again, 
for the convenience of the student, under the 
head of Conglomerate Rocks. 

There are further, as already noticed, many 
popular distinctions, often very marked, among 
the limestones, which do not admit of being 
enumerated in a catalogue of this nature. These 
sometimes depend on actual variations of charac- 
ter, on the presence of certain organic remains, 
or on the less important distinction of colour. 
Sometimes they are founded on geological posi- 
tion ; not unfrequently they are of a local or 
geographical nature. 



454 SeCONDAIlT limestone. 

Flint and pjrites are the only minerals vbich 
have been observed in the limestones of this 
class, if we may except crystals of carbonat of 
lime. The first of these abounds principally in 
the chalks, hut it also occurs, generally under 
slight modifications of aspect, in the compact 
limestones. Pyrites is fotmd almost solely in 
these latter. 
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Undbk this term are included all the argil- 
laceous schists of the secondary class, sometimes 
also known by the inconvenient and awkward 
name of slate clay. 

These have seldom been found occupying 
extensive tracts in nature, and it is even rare to 
find them in considerable beds. The Orkney 
Islands are however an exception to this general 
rule. They are commonly in the form of thin 
strata, often of mere laiuinee, alternating with the 
other rocks with which they are associated. 
Hence they are often implied by geologists, where 
they are not mentioned in any series, or forma- 
tion ; being considered as subordinate substances. 
They present, in this case, a striking analogy 
to the argillaceous schists of the primary class, 
which often occur in a similar manner among 
the other rocks of that division . 
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They are found in the lowest red sandstone, 
under a great variety of character ; and of this, 
Arran presents a very striking example. Very 
commonly also, in this case, they resemble the 
graywacke of the primary class so strongly, that 
they eannot be distinguished by their mineral cha- 
racters ; a circumstance already mentioned in 
treating of that rock. In some instances, as in 
the Orkney Islands and on the north-west coast of 
Scotland, these beds occupy a space so consider- 
able among the rocks with which they are associ- 
ated, as to he a source of doubt to the geologist ; 
since, under peculiar circumstances of exposure, 
and of limited access to the series, it may thus be 
impossible to distinguish them from the primary 
grayAvacke. In these castes, in fact, there some- 
times a})pears to he an actual transition hetAveen 
the primary and secondary classes; the appear- 
ance of such a transition being rendered more 
perfect by the conformable order of the two. 

Shale also forms a member of the various 
sandstones which lie above the lowest, or red 
sandstone ; occurring through the greater num- 
ber of those with which we are acquainted, and, 
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in some, very conspicuously. In these cases also, 
it is often very difficult to distinguish it from the 
finer gray wackes of the primary series ; while, in 
some instances, it is even easily confounded with 
clay slate, as formerly remarked, unless examined 
in conjunction with its geological connexions. 

It occurs in many of the secondary limestones ; 
either alternating with the calcareous strata in 
considerable beds, or forming thin laminae,or else 
entering as a constituent with other substances, 
into some of the peculiar grou])s in which many 
of these are found 

Shale is also found associated with coal. In 
this case, it either alternates with the coal itself, or 
forms a component part of the peculiar series of 
which that substance is the most conspicuous 
member. 

Further, it is found among the clays ; some 
portions of these important deposits appearing to 
have been indurated into this form, while others 
have retained their loose earthy character. The 
enumeration of its associatif)ns already given in 
the two preceding’ articles, renders it unnecessary 
to take further notice of them here. 



458 


SHALE. 


Finally, it has been thought necessary to enu- 
merate among thefshdes, that substance known 
by the name of adhesive slate, which occurs in 
that peculiar and supposed fresh-water formation, 
known by the name of the Paris basin. Here- 
after perhaps, when the similar formations dis- 
covered in other parts of the world shall be better 
known, it may become expedient to form a sepa- 
rate geological division for the purpose of con- 
taining the rocks that appertain to them. At 
present, it would be unnecessary, and indeed 
improper, to attempt such an arrangement ; and 
the substances found in those of France and 
England, the only two as yet thoroughly known, 
must therefore be enumerated with those members 
of the secondary class to which they bear the 
strongest affiijities. 

The texture of all the shales is more or less dis- 
tinctly schistose, and many of them also, break ac- 
cording to certain natural joints, by which they 
are divided in the beds. In other respects, they 
present many difierent aspects, arising from the 
greater or less fineness of the materials, or the 
variety of substances which enter into their com- 
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position, I'hey sometimes also contain larger 
fragments or nodules of thefrocks, from the de- 
composition of which they have been formed. 

Lastly, they contain organic remains both 
vegetable and animal. In the limestones, they are 
often the principal repository of the shells which 
appertain to these groups of beds I'hey are also 
the occasional repositories, like marie and coal, 
of the remains of vegetables. From analogous 
causes, they are also often impregnated with 
bitumen, even in such excess, as to be imper- 
fectly combustible. 

A general conception of their distinguishing 
characters as forming a species of rock, may be 
deduced from these remarks. More particular 
notions can only be conveyed by the description 
of varieties. 
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SYNOPSIS OF SHALE, 

FIRST DIVISION. 

Simple. 

A. Common shale. 

a. Hard, and often not disting’nishable 

from the fine and tlie coarse and 
argillaceous schists of the primary 
class: namely, clay slate, and ordi- 
nary graywacke. 

This variety occurs chiefly with the lowest or 
red sandstone. 

b. Somewhat fragile, and less eontiiiii- 

ously laminar. 

Occurs ill alternation with the superior sand- 
stones, or with the secondary limestones, or with 
common clay. 

c. Tender, often scaly rather than laminar. 
Occurs in similar situations, where it is fre- 
quently the repository of organic remains. 

d. Passing into clay. 

e. Granular concretionary : occurs, hi- 

therto, only in the Shiant Isles. 

f. Spheroidal concretionary : in the same 

situation : in the vicinity of trap. 

The prevailing colours of these shales are 
various shades of grey, commencing from l>Iack 
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and terminating in white, but the latter variety is 
rare. Acquiring red and yellow tints, it passes 

into the following variety. 

B. Ferriferous shale. 

a. Laminar, simple, and of various colours, 

pink, red, purple, brown, obscure 
blue, yellow, or mottled variously 
with different tints. 

b. Laminar and short columnar : the co- 

lumnar ironstone of some mineralo- 
gists. The surfaces are sometimes 
remarkably channelled on the mar- 
gins, as noticed in the chapter on the 
Forms of Rocks. 

c. Containing red oxide of iron in excess, 

and passing to common ironstone. 

C. Adhesive slate. Opaque, adheres to the 
tongue, pale yellowish, or smoke, grey. The slaty 
structure is only visible in consequence of the loss of 
its water by exposure, and is rendered again invisible 
by wetting it. 

This substance is, for convenience, here 
ranked with the shales, but it belongs to that 
limited series of rocks otx'urring in the vicinity 
of Paris which is supposed to owe its origin to 
fresh water. 

D. Polishing slate. White or yellowish white, 
opaque, brittle, and lighter than water, 

4 
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This substance s<pieti^ contains impres- 
sions of wood and of filhes. It is of such limited 
occurrence that it might perhaps more properly 
have been ranked, like Tripoli and other matters, 
with the minerals of a mineralogical system. 


SECOND DIVISION. 

Compound. 

A. Argillo-bituininous. 

a. Slightly impregnated with inflammable 

matter. 

b. Highly impregnated with bitumen so 

as to be combustible ; accompanies 
coal. Black and also brown. The 
latter is Kimmeridge coal. 

B. Argillo-calcareous — containing so much car- 
bonat of lime as to effervesce with acids. 

Some of the varieties of this, are the marie 
slates of certain mineralogists. As these sub- 
stances are not very distinct, they are again intro- 
duced under the head of marie. 

C. Argillo-micaceoiis; containing a conspicuous 
proportion of mica. 

D. Arenaceo-micaceous ; containing a large pro- 
portion both of sand and mica. With the former, in 
Sky. 
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£• Quartziferous ; anil passing into flaggy sand- 
stone. 

F. With rounded nodules of trap or other foreign 
fragments imbedded : occurs in Pabba and Sky. 

Pyrites is not unfrequently imbedded in 
shale. Jtthen sometimes becomes 

G. Aluminous schist — or alum slate: forming an 
aluminous saline efflorescence on exposure to air, par- 
ticularly if accompanied by heat and moisture, and 
thus generally falling to pieces. 

Shale is also a repository of common iron 
«tone and of the septaria. 

It further often contains vegetable and animal 
remains in great variety ; whence arise a set of 
distinctions which will find their proper place 
in any arrangement that may be formed of fossil 
organized bodies, but which do not fall within 
the plan of this work. 

Where it is in contact w'ith trap, it often passes 
into siliceous schist, as is noticed under that head. 
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It was already remarked, in describing' the 
general ])lan of this work, tiiat it appeared neces- 
sary to treat of the whole of the rocks included 
under this comprehensive title, in one division. 
Much consideration was bestow'ed on various 
plans for separating them ; but none of these 
could be adopted, without producing inconve- 
niences far greater than those which follow from 
the present arrangement. If all the masses of 
these rocks in nature, are not ])osterior to the 
secondary strata, no correct and nnexce})tionable 
rules can be given for distinguishiiig those which 
are of an earlier date; while, in a geiUTal sense, 
they possess the universal common character of 
being imstratified, and posterior to the rocks 
with which they are connected. 

With respect also to their mineral composition 
and structure, it must be observed, that every 
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modification included under this title, occurs as 
a recent secondary rock, and that they all, with 
exceptions that do not affect the present question, 
pass info each other in an imperceptil*le manner. 
There is therefore no distinction either of a 
mineral, or of a geolofiical nature, capable of 
guidiuif us in any attempt to separate them into 
distinct families; much less, in dividing them 
between tlie tw o classes r>f primary and secondary. 
To illustrate all these circumstances in a manner 
as ample as the case deserves, woidd require a 
geological history of the whole, w hich it has been 
found necessary to exclude from this work, and 
which, iti this instance in particular, would lea<l 
to a great length of discussion Hereafter, when 
additional ex|>erie!!<'e shall have added to our 
present imperfect knowledge, it may become 
comparatively easy to se|>arate them under dif- 
ferent heads, and thus to remove an inconve- 
nience of which the writer is fully sensible, bu 
w hich he confesses himself at present unable to 
remedy, without pi’o<lucing others still greater. 

The several rocks of this family, form tracts 
of very various extent in different countries 
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and, in that light, ^ tJiey may be considered uni- 
versa!. Yet they cannot be considered uniyersal 
in the same wide sense as granite, the primary 
strata, and the principal members of the secon- 
dary stratified rocks. They appear, on the con- 
trary, to be in a great measure limited to parti- 
cular spots, more or less extensive, and to be, if 
separately considered, fiartial and independent 
productions. 

Where they do occur, they sometimes rise 
into high mountains, of which, in this country. 
Sky and Mull afford examples; at others, they 
form lower hills, or even summits absolutely in- 
dependent. These masses are generally irregu- 
lar, but sometimes bear indistinct marks of 
stratification ; the vertical edges of the successive 
beds producing that scalar appearance in the out- 
line of the laml whence the name 'IVap has been 
derived. 1 hey also frequently occur in veins ; 
and these are sometimes connected with the 
larger masses, while, at others, they appear to be 
absolutely independent of any visible larger por- 
tion or tract. 

Under the uncertainties already stated, res- 
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pecting their possible relatip]^ jn point of time to 
the rocks of the primary an^ secondary classes, 
it only remains to describe the t»eoiog*ical con- 
nections in which they actually occur. That 
they frequently rest on the most antient primary 
rocks, or that they send veins throuf>’h them, is 
no proof, as already slu>\in, of a (‘onncclion in 
point of time; as the same eHecls would take 
place, althoujr!i a deposit ol* this nature were to 
be formed at the pi eseiit moment. 

They have been found in contiict with every 
rock, from ,<>Tanite, n[>w'ards, to some of the most 
recent of the secondary sti ata. It is yet however 
uncertain, whether tliere are masses of these 
rocks later than the whole of those strata ; and, 
more pai’ticularly, it remains to be proved, whe- 
ther any such formation has tiAeii place since the 
depositif)!! of the fresli-w jiler series. As i*ar as 
relates to their antiquity, when compared to the 
different members of the seeoiidary class, there is 
precisely the same diHiciiIty as that staU d in the 
last paraiiraph ; so that we must be content to 
suppose them posterior to the whole, merely for 
w’^ant of proof to the <*ontrary. This remark. 
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however, like the preceding, relates only to indi- 

"■V 

vidual instances : because the existence of frag- 
ments of these rocks in the lowest sandstone 
conglomerate, proves that there have been forma- 
tions of this nature, prior to the deposition of the 
secondary strata ; and the intersection and shift- 
ing of two or more veins, appear equally to prove, 
that there has been moie than one formation 
among these. 

in granite, they only occur in veins ; sur- 
mounting it -when in masses. But among the 
stratified rocks of both classes, they are found 
intruding in masses, as well as in veins; and 
these sometimes put on a form so far parallel to 
the stratification, as, when partially viewed, to 
give them the semblance of beds. 'I'lie veins, 
which are also common, are sometimes, in the 
same manner, partially parallel to the planes of 
the including strata, so as to have led to similar 
errors. In either case, the true nature of these 
may be determined, with proper care, by finding 
that the })arallelism is not long maintained, but 
that any one such supposed stratum, or vein, 
quits its place to intersect the adjoining and in- 
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eluding stratified rock, or sends ramifications 
through the whole series. 

But there is one case in whieli these rocks 
seem to form strata unoonnecte<l with veins, and 
absolutely parallel ; and, of this, the north-M estern 
coast of Sky presents examples, as the north- 
eastern does of most of the other circumstances 
here detailed. I'liese strata alternate with jasper, 
siliceous schist, and ferruginous clay ; probably 
also, with chert or indurated limestone. It will 
hereafter he shown, that shale is convertible, in 
similar circumstances, into siliceous schist, a sub- 
stance strongly resembling basalt ; and it is easy 
therefore to account for these strata, by suppos- 
ing that, from the same cause, such substances 
have been converted into tliose strata of trap of 
various kinds, which their several peculiarities of 
composition enable<i them to assume. 

In a few cases, where deep sections of cliffs 
afford opportunity for examination, it is also 
found that irregular masses lie beneath the stra- 
tified rocks in some places, just as they surmount 
them in others ; and that, from these also, veins 
proceed to the surface, or in other directions. 
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A more particular account of such veins is given 
in the seventh cMpter. The other interesting' 
circuiiistaiices which attend these veins, must be 
referred to a geological history of these rocks ; 
aud it is only further necessary to add, that the 
Western Islands of Scotland present, in a very dis- 
tinct and accessible form, every circumstance re- 
quisite for the illustration of that history. 

'I’he rocks of this family present many remark- 
abie varieties of structure, of which the general 
details have already been given in the chapter on 
that subject. A few more particulars are here 
necessary, its they form a very imjjortant part of 
the liistory of these rocks, and are, in a few 
instances, such, as, when combined with the 
mineral characters, to lead to dangerous errors in 
geological investigation. 

They often resemble granite in this respect, 
being' disposed in large beds, either straight or 
curved, and divisible into prismatic and cuboidal 
masses. W hen these have been rounded by the 
weather, the rocks are not distinguishable by the 
eye from granite ; and the deception is often 
much increased by similarity of mineral cl larac- 
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ter. This modification of structure is not pecu- 
liar to those varieties which sefeni among the more 
antient, such as hypersthene rock, in which it is 
very conspicuous ; as it occurs in the Corstor- 
phirie hills near l^dinburgh, in a formation whicli, 
lies above the coal strata. 

The next, and hy far the most remarkable 
variety of structure, is the prismatic. I'he first 
tendency to this, is seen in a vertical mode of 
fracture assumed by the exposed edges of these 
rocks, which at length becomes more decidedly 
prismatic, and ultimately columnar. When 
the mass possesses a parallel disposition, and is 
at the same time horizontal, while the jirisms are 
at right angles to it, the well-known effect of 
architectui'al regidarity, so conspicuous in Staffa, 
is produced. 

This columnar structure, however regular it 
may be in a particular place, sometimes vanishes 
in the same mass, either laterally, according to 
the repetition of the prisms, or vertically ; any 
individual column, or group, being found to be- 
come imperceptibly amorphous. Jn other cases, 
it is found that columns are irregularly dispersed 
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in various directions through an amorphous mass, 
of which the upper part of Staffa also presents a 
good exarrtple. in a similar maniiei*, a solid rock 
is sometimes merely split at its surface into 
short prismatic divisions ; but this modification 
is comparatively very rare. 

If the mass is inclined, or not horizontal, the 
prisms Mlii< h are at right angles tn it, can no 
longer he vertical, and thus, in vertical veins, 
they are sometimes horizontal. But columns are 
not necessarily at right angles to the parallel 
masses; since, in various places, and conspicu- 
ously in Stafia, they lie in several irregular po- 
sitions in the same bed, even where in contact 
with each other. 

Prisms thus irregularly placed, sometimes in- 
terfere with each other so as to lose their regu- 
larity. I'his happens in such a manner in Canna, 
that they bear a general resemblance to that fa- 
miliar object, a peat-stack ; while, in other places, 
they present other modifications of irregularity 
on which it is unnecessary to dilate. In veins 
also, they are not necessarily transverse to the 
walls ; since, in Rum and Cantyre, they occur in 
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a parallel position ; being v^tical in the former 
case, and horizontal in the latter, in veins that 
are themselves vertical. 

In almost every instance, the adjoining prisms 
are in contact, without any intervening substance 
or interval. In one case alone, which occurs in 
lium, the prisms which are found on the surface 
of a large spheroidal mass, are separated by con- 
sidersible intervals, which contract in the progress 
downwards till the parts touch. 

In many remarkable examples, the prisms, or 
columns, even for a consideral)le length, are 
straight, or nearly so. In others they are slightly 
incurvated, and, in a few rare cases, as in Staifa, 
they are much bent, and often, at the same time, 
in various directions. 

The forms of the columns differ; and the 
number of the sides, where they are most regular, 
vary from three to twelve ; but they are more 
frequently of four, five, six,, and seven ; these 
being intermixed in such a manner, as to pro- 
duce the absolute contact of the whole. Those 
sides are not always necessarily straight ; but are 
occasionally curved. i In size, they have been 
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found to differ materially ; the breadth varying 
from an inch to nine feet, and the length, from a 
foot to three hundred or more. 

The columns are sometimes continuous for a 
considerable space. At others, they are obliquely 
and irregularly divide<l by fissui es or joints ; 
and, in some remarkable examples, by transverse 
ones of various character. In all cases, the dis- 
tances of these vary materially ; the divisions 
being, in some places, so accumulated as to sepa- 
rate the column into numerous parts, and, in 
others, occurring irregularly only after long inter- 
vals. The forms of the proximate surfaces are 
either irregular, or flat ; or concave and convex ; 
and, in some rare cases, a process arises from the 
angle of each inferior portion, so as to cover a 
corresjwnding deficiency in the su{)erior. 

It only remains to observe, with regard to the 
columnar structure, that it occurs in many mem- 
bers of this family. It is found in basalt, notedly, 
but not exclusively ; as it exists in syenite and 
claystone, in Ailsa, Rum, and Arran, in augit 
rock, in Sky, in porphyry in Arran and else- 
where, and in greenstone in various situations. 
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The next variety of structure to be noticed, 
is the lam i liar. This appears to be sometimes 
independent of the action of the atmosphere; at 
others, it is obviously produced by that cause. 
The laminae vary in dimensions, being sometimes 
so thin as to resemble those of argillaceous schist, 
and having thus given rise to the improper term 
of por|)liyry slate. I'his structure occurs both in 
masses and veins, and in all the varieties of the.sc 
rocks. St is also sometimes combineil with the 
columnar form, and, in this case, the laminae 
are sometimes parallel to the column, at others 
transverse. In rao.st of these rocks in which it is 
found, namely, in the claystones, basalt, and the 
]iorphyries, it is independent of the disposition 
of the integrant parts; but, in hypersthene rock, 
it depends on the disposition of the crystals of 
the chtiracterislii; mineral, and the structure thus 
resembles that of giieiss, being foliated, strictly 
speaking. 

A minute spheroidal structure, sometimes 
also occui's in these rocks. It is very conspi- 
cuous in the rock of the Shiant Isles, but does 
not 'appear common. The spherules are not 
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separable by weathering-, as they are in the sili- 
ceous schists of this character . 

Besides these obvious modifications, the rocks 
of this family sometimes give indications of a 
particular internal structure, by dtcoinposition. 
Thus they put on a scoriform or a spicular appear- 
ance, or are proved to contain veins of a harder 
material, which are not visible in the fresh rock. 
They frequently also decompose by a successive 
exfoliation into spheroidal forms, of which no 
indications were present ; and it is not uncommon 
for the j)ortions of Jointed columns, to waste in 
this manner. In this latter case, it may remain 
a doubt whether, as in the artificial columns of 
granite formerly mentioned, the effect is not pro- 
duced merely by the action of the weather ; but 
in some, where this cause cannot have acted in 
this manner, it must necessarily be the result of 
an internal concretionary arrangement. 

On the subject of decomposition, it is lastly 
proper to remark, that some of the more solid 
varieties, such as those which have a base of in- 
durated claystone, or clinkstone, are sometimes 
changed, without disintegration, to so great a 
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depth as to emulate the soft claystones, and thus 
to mislead an observer respecting their true cha- 
racters. 

The minuter structures are, the small cavern- 
ous, the arnygdaloidal, and the porphyritic ; and, 
on these two latter, no remarks are necessary, 
except to observe that they may be combined in 
the same rock. But the former is worthy of par- 
ticular notice, on account of the exact resem- 
blance which it bears to that which occurs in the 
scoriform lavas ; the cells being often elongated, 
or contorted, and glazed by a vitreous varnish, 
while they are also sometimes partially filled 
with the substances that enter into the amygda- 
loids. 'I’hus the cavernous passes into the 
arnygdaloidal structure, and it is also sometimes 
found united to the porphyritic. 

So many rocks, of different character and 
composition, are contained, in this family, that 
no general remarks on their texture and compo- 
sition can be offered ; while the confusion which 
has hitherto reigned among them, renders it 
necessary to enter into details much more minute 
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than have yet been required in treating of any of 
the preceding, 'fhese will be found, either in 
the following remarks or in the Synopsis, as ap- 
pears most convenient for elucidating the subject. 

It must here however l)e observed, that the 
terms already in nsefor tiistingnishing the several 
species, (or varieties,) are neither sufficiently 
numerous, nor very accurately limited. To bavq 
changed the application of these, would have 
been to depart from the general principles already 
laid down. 7 Vo new terms have however been 
adopted, those of llypersthene rock, and Augit 
rock ; these corapouiuls having been hitherto 
undescribed, and it being absolutely necessary to 
distinguish them from the greenstones containing 
hornblende which they so much resemble, 'fhe 
t<Tm wackc has also been admitted ; but with 
some hesitation ; partly because it did not afipear 
very necessary, and partly because it has been so 
often misapplied as to be nearly unintelligible. 
The names adopted therefore, in additioit to 
these three, are claystone, indurated claystone, 
clinkstone, compact felspar, basalt, greenstone, 
syenite, ])orph\rv, amygdaloid, and tuff. Trap 



OVERLYING ROCI^S. 


479 


is only used as a general term, and in a geological . 
sense ; having commonly been applied in so 
vague a manner, to all the rocks of a dark colour 
which are not porphyry, basalt, or decided green- 
stone, as to have cease<l to form anj' distinction, 
and having indeed become a source of confusion. 
I'o distinguish two varieties of claystone, is per- 
haps an unnecessary refinement ; but it is not 
productive of any inconvenience. 

Characters derive<l from colour alone, have 
been uniformly reje<‘ted ; anti it will he found, 
that a dependunce on this vague criterion, has 
hitherto formed a principal source of confusion 
in describing these rocks. It is, in itself, an ex- 
tremely variable circumstance in every rock, and 
in none more than these ; iti which it often differs, 
in substances in other respects identical. Un- 
(piestionably, it depends on differences of chemi- 
cal composition ; but as it is not considered as a 
permanent distinction by the. best informed mi- 
neralogists, it merits no consideration here. The 
habitual neglect of a mark so variable and so 
empirical, will teach the student to turn his 
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attention to differences of a more constant and 
essential nature. 

Another source of confusion has arisen from 
dwellinpf too strongly on peculiarities of struc- 
ture as essential distinctions ; it being a common 
practice with collectoi's of specimens, to reject 
those of which the characfers are not very de- 
cided ; although these are often the most im- 
portant, as marking the transitions which occur 
in nature. 1'hus the porphyries have been im- 
properly separated from the simple rocks which 
form their bases, although the transition to the 
porphyritic structure is irnjierceptible. An at- 
tempt has been made to remedy these defects by 
adopting’ an arrangement more consonant to 
nature; but it is unnecessary to explain it in 
these preliminary remarks, as the reasons may be 
deduced from an examination of the Synopsis. 

The predominant substance in the members of 
this family is a simple rock ; of which, indurated 
clay or wacke, may be placed at one extreme, 
and compact felspar at the other ; the interme- 
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(liate member being claystoiie, and clinkstone. 
In some cases, it forms the whole mass ; in 
(others, it is mixed with other minerals, in various 
proportions and in various manners; thus pro-* 
diiciiig gveat diversities of aspect, witliout any 
material variations of the fimdaiiiental character. 
As we are but very imperfectly acquainted with 
the chemical composition qf the si mjde rocks, it 
is not at j)resent ])ossible to determine, uhether 
the gradations here supposed, l>e legitimate ; and 
whether, under varying proportions, and under 
various states of indnratioii, there is a real transi- 
tion between clay and <*ompact felspar. llie 
present arrangement is founded merely on the 
apparent transitions between the two, as they are 
found in iVature; all the several substances oc- 
curring together in the same geological series, 
often in the very same mass, and passing into 
each other without detineable limits. 

It was formerly ol)served, .that the terra com- 
pact felspar, used here, as u ell as to denote a 
member of the primary strata, was injudiciously 
chosen. Chemical analyses have shown, that 
soda is an ingredient in many greenstones and 


I I 



482 


OVEKLTING ROCK8. 


basalts ; and as it is not found in hornblende or 
aug'it, it is necessarily derived from the other 
constituents of these, the compact felspar, or the 
clinkstone, in which latter it has also been shown 
to exist. In repeating these experiments on 
some of these rocks which appear to contain 
compact felspar, they have sometimes been found 
to yield soda only, at others, both that alkali and 
potash, like the compact felspar of the primary 
strata. It is not impossible therefore, that there 
may be two distinct substances confounded under 
the term compact fels[)ar ; unless the existence of 
soda alone is, in these rases, held sufficient to 
prove the presence of clinkstone, and to form the 
I'eal distinction between this rock and compact 
felspar. If any alteration in this respect shall be 
required, it must be reserved till a more extensive 
analysis of these rocks shall be instituted ; and a 
more complete ari'angement may then be made, 
to supersede that which is here attempted. 

These simple rocks, therefore, must be con- 
sidered as those which are peculiarly essential to 
the members of the trap family ; as it will here- 
after be seen that there are not many in which 



O-VERLYING ROCKS. 


483 


one or other of them is not found. It is next 
requisite to consider those minerals, which, from 
their less frequent presence, must be reg'arded as 
less essential. 

Of these, hortiblende is perhaps the most 
common. It appears ver}’ constant in its colours 
and general characters; the only perceptible dif- 
ference consisting in its proportion and in the 
magnitude of the crystals. In the syenites it 
forms but a small proportion of the mass, and is 
sometimes crystallized in a tolerably distinct 
manner. In the greenstones, it is commonly 
more minute and more confused ; and when, 
in these cases, it becomes excessive and very 
finely divided, it causes them to pass into ba- 
salt ; a rock conceniing which there are fre- 
quent differences of opinion, but which is inca- 
pable of rigid limitation, since, even under this 
composition, it is but the last of a regularly 
graduatijig series. Where the hornblende is 
most abundant and most minutely divided, the 
basalt is most perfectly characterized ; but great 
differences of aspect follow from variations, not 
only in this ingredient, but in the colour .ainl 
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hardness of the clinkstone, or compact felspar, 
with which it is united. In such cases, where 
the base is of a very dark colour, and the pro- 
[)ortion of the hornblende but small, the character 
of the rock becouies doubtful, and it may even 
pass into compact felspar, or rather into clink- 
stone. In this way, very dark clinkstones are 
frequently known by the name of basalt ; and it 
will accordini^ly be found, on examining' many of 
the masses an<l veins in Scotland usually desig- 
nated by this term, that they ought rather to be re- 
ferred to the former substance. Hence the great 
diversity in the basalts of different authors; if 
we even exclude those which, like hornblende 
rock and l.ydian stone, have been improperly 
ranked under this title. 

From the presence of hornblende therefore, 
are derived three of the most leading members 
of the trap family, basalt, greenstone, and syenite ; 
although it <loes not seem possible to give any 
marks by which the two latter substances shall 
always be effectually distinguished ; since, in 
each, the basis of claystone, clinkstone, or com- 
pact felspar, is united to crystals of hornblende, 
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while, ill both, a similar structure prevails. The 
present distinctions, as already observed, seem to 
be regulated chiefly by colour; those rocks in 
which the three substances above-mentioned are 
of a pale whitish, yellowish, or redilish hue, 
being ranked as syenite; and those where they 
are grey, greenish, or generally of a dark colour, 
as greenstone. A better distinction appears to 
consist in the predominance, or otherwise, of 
those substances ; the rocks in which they exceed, 
being classed with the former, and those in w hich 
the hornblende is equally intermixed, or predo- 
minant, with the latter. By duly considering 
these characters, it will generally be easy to des- 
cribe an individual rock without much hazard of 
misapprehension ; although cases will often oc- 
cur, where it will be impossible to determine to 
which of the two the substance in question ought 
to be referred. It mav be added to this account 
of hornblende as an ingredient of these rocks, 
that it is frequently fountl in the older porphy- 
ries ; occurring, in these, generally in the shape of 
imbedded crystals, but sometimes so abundantly 
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as to form, with the leading ingredient, a com- 
pound or syenitic base. 

The next mineral which forms an ingredient 
in these rocks is augit, which, under different as- 
pects, is of very common occurrence; much 
more so than has been imagined, since it has, as 
I have already remarked, been frequently mis- 
taken for hornblende. It presents two varieties 
of colour, dark green and black ; the latter being 
the most common and the most difficult to recog- 
nize : the former can scarcely be mistaken. In 
many cases, the crystals, though indefinite, are 
so large, that there is no difficulty in determin- 
ing the presence of the piineral ; when very 
minute, that difficulty increases ; although, with 
due attention, it is generally possible to make the 
distinction. Like hornblende, it is found, in the 
rocks where it enters, combined with different 
kinds, both of common and of compact felspar ; 
and it is most obscure whenever it is accompa- 
nied with the greenish or dark compact varieties. 
In Rum, it is united to the glassy variety ; and 
the distinction is in this case easily made, as 
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it is generally of a green colour. At times it pre- 
dominates so as almost to exclude tlie other ingre- 
dient. In certain cases, it is, like hornblende, 
sparingly dispersed throughout the rock, the clink- 
stone or compact felspar predominating ; and, in 
these examples, the mixture resembles the sye- 
nites, as already remarked : in others, it becomes 
so minutely subdivided, and the rock puts on an 
aspect so nearly homogeneous, that it can scarcely, 
if at all, be distinguished from basalt. This com- 
pound is here only distinguished by the general 
term ofaugit rock, but it may be a question whe- 
ther it would not be convenient to adopt terms ap- 
plicable to its several varieties, so as to correspond 
to the three analogous rocks into which hornblende 
enters. In this case an adjective term might be 
employed with less inconvenience, and with a 
slighter change of nomenclature than a new name ; 
and we should then have aiigitic greenstone, 
augitic syenite, and augitic basalt. But this is a 
subject for the consideration of mineralogists. 

The next mineral occupying a place analo- 
gous to that of hornblende, is hypersthene. The 
circumstances under which it is found, are so 
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analogous to those just described, that it is un- 
necessary to repeat them. In certain states of, 
minute admixture, it is, like augit, so easily con- 
founded with hornblende, that we have still to 
learr» whether hypersthene rock is not of more 
common occurrence than has yet been suj>- 
posed. Hitherto ft has occurred only in n>y 
researches, and has been found in Sky and 
Airdnamurchau. 

Another ingredient in the rf>cks of the traj) 
family is common felspar ; and it is most re- 
markable in the porphyritic division, on which it 
confers the distinguishing character. But it oc- 
cui’s also in the syenites, and .gveu iu the green- 
stones, without communicating to them the por- 
phyritic structure. The structure of the rocks 
is, in these cases, granitic, and the felspar is dis- 
tinguished from the compact sort, by its confused 
crystalline texture. In the same way, it occurs 
with augit and with hypersthene. Thus there are 
two subdivisions of all these rocks ; the one set 
containing the compact and the other the crystal- 
lized or common felspar ; the external characters 
of each being strongly distinguished. This is 
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most remarkable in the case of syenite ; since it is 
pnly where the latter kind of felspar enters into 
the composition, that the rock presents the 
pseudo-g-ranitic aspect : w’here it is formed of 
compact felspar an(i hornblende, as in the rock 
of Ailsa, it possesses no resemblance to granite. 

The glassy variety of felspar is also found, 
though more rarely, entering into the compo- 
sition of these rocks ; in some csises it forms the 
porphyritic imbedded crystal ; in others, but 
more rarely, it occupies the place of common 
felspar in the compounds of granitic structure. 
In this latter way it occurs in the augit rock of 
Hum ami in the hypersthene rock of Sky. 

It is still necessary to enumerate a few mine- 
rals which, though far less frequent ingredients 
in the rocks of the trap family, and therefore less 
essential, sometimes enter into their composition 
as integrant parts ; often producing considerable 
confusion in their characters. 

The first of these is mica. This occurs in 
the greenstones and in the porphyries, but most 
rarely in the former. It is a more important cir- 
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cumstance when it is found in the syenites, as it 
is in Sky : on account of the resemblance whicl3^, 
they then put on to the granites ; a circumstance 
already noticed under the head of granite. To 
distinguish these two cases, a rigid geological 
examination is necessary ; but tbe important 
views which this r^emblance involves, is a sub- 
ject for geological discussion . Mica occasionally 
occui'S in the claystones also, examples of which 
are found in the schistose isles of the Argy shire 
coast. 

Quartz also, is found in the greenstones, as 
well as in the syenites ; being intimately mixed 
with the other ingredients, ^^it is in granite, 
and, adding much to the difficulty of distin- 
guishing them from some varieties of that rock, 
without having recourse to their geological con- 
nections. Where it is accompanied by mica, as 
in the rock of Sky above mentioned, the resem- 
blance between the two is perfect. Olivin is 
most frequently found in the situation of an 
imbedded mineral, like the zeolites ; but it also 
occasionally forms an integrant part of the mixed 
stnicture. Very rarely, mesotype, prehnite, stil- 
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bite, epidote, and calcareous spar, occur as con- 
stituent parts of the trap rocks ; most commonly, 
they must be considered as accidental and foreign 
ingredients, occurring in the amygdaloids, or 
supra-compounded varieties. 

The various minerals that appertain to the 
supra-compounded division 'of these rocks, and 
those which occur in other modes imbedded in 
them, w'ill be enumerated in the Synopsis, and 
require no particular notice here ; they must be 
considered as accidental substances in their na- 
tural repositories, and they produce in the former 
case, a subdivision of varieties subsidiary to those 
whicli arise froip^vtlje ditferent characters of the 
the base in which they exist. The bases them- 
selves vary, in these cases, as they do in the 
simpler ones formerly enumerated ; although 
wacke, and the claystones, under different degrees 
of induration, are by far the most common. 

Such is a general sketch of the nature of the 
trap rocks as far as my observations have per- 
mitted me to delineate it, and on this foundation 
is constructed the synoptical table that follows. 
It is confessedly imperfect, but it will have per- 
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formed all that is expected if it shall hereafter 
facilitate a more perfect arrangement of the sub- 
stances which it includes. That the attempt is 
new, and that the most indescribeable confusion 
has hitherto reigned among these rocks, will 
form an apology, not only for the imperfections 
of this arrangement, hut for the great length of 
the following catalogue. The minuteness of 
detail which it was thought necesstiry to adopt, 
may possibly be dispensed with whenever these 
rocks shall become more generally understood. 


SYNOPSIS OF THE OVb:RLYIN(i ROCKS. 

FIRST DIVISION. 

Simple : or apparently simple. 

it. Wacke : of the Germans. Resembles indu- 
rated clay, with an even and .smooth earthy, or an un- 
even somewhat granular fracture, and a shining streak. 

a. Compact. 

b. Cellular: but generally, in that case, 

partly amygdaloidal, and appertain- 
ing to another division. 

B. Indurated clay : more or less hard : with an 
earthy and dull fracture. Much more common in 
Scotland than the preceding. 

a. Compact. 
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This must not be confounded with the ferru- 
ginous clays which are often found among the 
trap rocks, and which pass into jasper, 

b. Cellular. 

Like Var. A, b, it is rarely cellular in large 
masses, without also containing amygdaloidal 
nodules ; when it ranks under another division. 
The colours of this variety are, either ash colour, 
or grey of different hues, or modifications of red, 
or browns, or purplish bla<‘k. 

C. Claystone. The fracture is dull and earthy, 
and may be smooth and ev(‘ii, or rough and somewhat 
granular, or imperfectly splintery, or conchoidal. It 
differs from the preceding substances in hardness ; but, 
as in many other cases, it is scarcely possible to convey 
an idea of such distinctions by any mode of definition. 
Claystone, independently of its geological differences, 
is distinguishable from argillaceous schist, by the ab- 
sence of the schistose structure. 

a. Massive, irregular. 

b. Prismatic, or columnar. 

c. Laminar. 

d. Cellular. 

Tlie laminar structure is scarcely to be detect- 
ed, except on the surface, and after exposure to 
weather. It is sometimes combined with the pris- 
matic configuration. It cannot be confouiide<l, 
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without great negligence, with the schistose 
structure of argillaceous slate. 

The colours of claystone are various ; as, pale 
greyish, or muddy white, or ochre yellow' of 
various intensity, or flesh colour, or purplish, or 
various tints of^gj^ey^ from smoke coloui’etl to 
dark lead-grey, or^^rly black. 

This variety occurs in veins, but. rarely : it is 
more common in mountain masses. 

D. Indurated claystone. Harder than the for- 
mer, and distinguished by the superior lustre and 
acuteness of the fractures, whicli are also, granular, 
splintery, or conchoidal. It is here separated, rather 
on account of it.s geological importance, than of its 
mineralogical distinctness. It is among the most com- 
mon and extensive of the trap r^ks in Scotland. 

a. Massive, irregular. 

b. Prismatic, or columnar. 

c. Laminar under the same circumstances 

as C. c. 

The very dark varieties, particularly when 
found in veins, or in a prismatic form, are some- 
times called by the name of basalt, and may be 
considered as at present forming one of the 
varieties generally ranked under this indefinite 
and popular term. It occurs, like the former, 
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both in veins and in mountain masses. It is 
frequent in the former sbhpe, and is even some- 
times thus found accompan^ng the apparently 

antient porphyries that ti’averse granite. 

■» 

The colours are similar to those of the pre- 
ceding variety. Specimens, which the colours 
are brilliant, sometimes pais by the name of 
jasper, to which they approximate. 

£. Clinkstone. This is still harder than the last 
variety, and is not easily scratched by the knife. The 
fracture is also more perfectly splintery and conchoidal ; 
occa.sionally somewhat granular, while the lustre is more 
considerable, and the fragments are slightly translu- 
cent on the edges. It is considerably sonorous when 
struck, but not so as to be distinguished by this cir- 
cumstance from many other rocks of the trap family. 
Its mineral definition was formerly given. 

a. Massive. 

b. Columnar, or prismatic. 

c. Laminar. 

The dark varieties of b have also, like the 
former, been enumerated among the basalts. 
The same remarks as in tbe two preceding cases, 
may be made on var. c. 

It is also found in similar geological situations, 
and tbe colours are equally various. It fre- 
quently acquires an arenaceous aspect on the sur- 
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face after exposure to the weather ; so as even to 
have been confounded with sandstone by incau- 
tious observers. 

As these substances C, D, E, pass into eacti 

» 

other by insensible ‘gradations, it is not always 
possible decidedly to refer a specimen to either. 
This is irremediable, but it does not destroy the 
utility of the preceding’ distinctions. 

F. Compact fclsjtar ; inrludiiig the liornstoiie of 
some mineralogists. This is dislinguislicd from the 
last substance, to which it is nearly allied, by its supe- 
rior hardness, compactness, and lustre. The edges of 
the fragments are also more decidedly translucent. A 
fuller description was formerlj' given. 

a. Imperfectly laminar. 

b. Massive, with a smooth, splintery.^ and 

conchoidal fracture. 

c. Crystalline-granular. 

This substance var. a, b, occurs occasionally 
in veins in a simple state, but is more frequently 
slightly porphyrific in some part (*f its course. I 
know not that it is found in mountain masses or 
beds among the trap rocks of secondary origin. 

Var. c appears under many different aspects, 
in consequence of the varying fineness of its 
texture. It occurs among the secondary traps, 
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both in veins and in masses. In some cases, it 
contains crystals (or grains?) of two colours, as 
white with dark lead blue, or gi'eyish green with 
blackish green or lead bine, and has then been 
confounded with the greenstones. I’his might be 
called a pseudo-greenstone. In other cases it 
presents various simple tints, lilfe the preceding 
varieties. It seems doubtful Avhether this variety 
does not sometimes consist of an aggregation pf 
common instead of compact felspar. 

Fawn and cinnamon colours are found in var. 
a, b ; but they also occur of a brick red hue, of 
a muddy white, and of every possible tint of 
grey down to nearly black. There seems to be a 
gradation from clinkstone to compact felspar, as 
there is between the varieties (', D, E. 

The simple compact felspars pass into por- 
phyry so commonly, that it is not easy to find an 
extensive mass absolutely free I’rom imbedded 
crystals. Hence a sjrecimen is not a criterion of 
the nature of an extensive rock. 

A similar remark may be made, generally, oir 
the four varieties C, D, E, F ; which, although 
simple in one place, may be porphyritic or amyg- 


K K 
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daloidal in another. Where Nature is indefinite, 
the student must not be disappointed if he can- 
not frame or find a definite artificial arrangement. 

It must be remarked of the preceding rocks, 
and chiefly of varieties C, D, E, that they often 
lose their natural characters, even to a great depth 
from the surface, becoming M'eathered ; if that 
term can be used to d<'signat&a change where 
% weather can scarcely oljfain access. They 
are not, J^n these cases, disintegrated, but retain 
their solidity, together with the aj^pearance of 
natural rocks. In such circumstances, they ac- 
quire an arenaceous aspect, or become carious ; 
undergoing, at the same time, changes of colour ; 
and in this way the <lark iiulurated claystones or 
clinkstones, will put on the appearance of com- 
mon claystoiie or even that of the indurated clay, 
var. Bi 

G. llornhioiule compacted into a solid mass, and 
apparently consisting of . minute crystalline particles. 
Hence the fracture is more or less coarse grained, and 
is, further, uneven, spliutery, or conchoidal. It varies 
in lustre, being sometimes considerable glistening. 
This is one of the varieties of basalt: it is imagined to 
be the only basalt by some authors. 
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The analysis of basalt however, yields soda, 
even according to those by whom the term is 
limited to this variety. But hornblende does not 
contain soda, and the specimens thus analysed 
must therefore be of a different nature ; probably 
containing compact felspar. - the term were 
actually to be thus limited, ‘ such specimens do 
not rank under it. 

a. Massive, irregular. 

b. Laminar. 

Ci Columnar, or prismatic. 

7'liis basalt occurs both in veins and in masses. 
It appears to be sometimes laminar in the former, 
independently (»f the action of the Aveather. The 
columnar and laminar structures are sometimes 
combined, as they are in the claA stones; and the 
latter is either parallel to the axis of the prisms, 
or at right angles to it. 

The columns of basalt are sometimes jointed, 
in the various ways idready described ; but that 
structni'e is not limited to this rock, as already 
shown. Mineralogists have long since rejected 
the aiitient distinction of the columnar structure 
as characterizing basalt. 

K K 2 
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SECOND DIVISION. 

Compound : formed of two substances. 

FIRST SUBDIVISION. 

Granitiform mixtures. 

A. Hornl>K;n(I(i au<l compact felspar. 

a. Id nearly equal proportions, or the 
liortiWende predominant, and the 
two minerals distinctly visible. Green- 
stone. 

This rock is important from its extent, and 
it occurs both in veins and in mountain masses. 
Like some of the precediiif*', it is also at times 
columnar, as well as laminar. The horn- 
blende is either black or dark f*Teen, and is 
sometimes distinctly crystallized. The felspar is 
white, or yellowish, or of different hues of red, 
or pale greenish, or giey'^ of different degrees of 
intensity down to nearly black. The greenish 
varieties alone, have been distinguished by some 
mineralogists by the name of greenstone, the 
grey by that of greystone ; but the former term 
has been in this country applied to the whole, of 
whatever colour. It presents a great variety of 
aspects, according to the relative proportions of 
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the constituent parts and the size of the particles, 
no less than from their various colours. Ilocks 
not distinguishable from the dark varieties, occur 
together with granite, as noticed under that head ; 
nor do they, in this case, present any distinction 
but that of their geological connections. 

The felspar is sometimes^ccumulated in spots 
in the general mixture ; presenting a porphy- 
ritic appearance and forming pseudo-porphyri^l. 

When the felspar is red, this rock has often 
the general aspect of some varieties of granite. 

b. The compact felspar predominant. Sye- 
nite. 

This rock is also important, from its fre- 
quency, and the extent which it occupies ; oc- 
curring principally in mountain masses, much 
more rarely in veins. It is sometimes found par- 
tially laminar, like former varieties of this family, 
and it is also occasionally coluninar ; a circum- 
stance, of which Ailsa presents a striking exam pie. 

As in other instances in this family, this 
rock is not always consistent in its composition 
throughout a large space ; so that the determi- 
nation of the character of a specimen does not 
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always determine that of the mass whence it was 
taken. I’hus it passes into many other varieties, 
as M'ell as into tiie preceding ; occasionally also 
becoming simple by the exclusion of the horn- 
blender Fhis forms one of the varieties of the 
syenite of miner|lo^ists ; limiting that term to 
rocks of the overlying family. 

* c. TIh; mixture imperceptible, or nearly 
so, to tile naked eye. 

In this variety, the hornblende is in equal or 
greater proportion to the felspar, vt hich latter is 
generally also of a dark colour. Hence the mix- 
ture is dark grey, or blackish green, or nearly 
black. 'Phe substance here called compact fel- 
spar is often, possibly, clinkstone, or indurated 
claystone ; but the distinction can scarcely be 
made in such circumstances. This is also enu- 
merated among the basalts ; presenting the same 
general appearance as some varieties of D, E, 
and G, Firet Division. Like those, it is also 
sometimes columnar, as well as laminar. It ap- 
peal’s further to pass into other varieties, by a 
change of the character of the compact felspar, 
or by omission of one or other of the ingredients. 
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B. Hornblende and common felspai 
a. In nearly equal proportions. 

As already noticed under F, c, Division First, 
it is sometimes uncertain, from the minuteness of 
the parts and the state of mixture, whether com- 
mon felspar is not the nune)i:|ifj|)resent, instead of 
compact felspar, in some offiie preceding varie- 
ties. 

In other casefe, the nature of the felspai(|lis 
abundantly evident, and it is ev(!n confusedly, or 
more regularly crystallized, and intermixed with 
the hornblende. 'I'he hornblende is also attimes 
crystallized in a manner considerably distinct. 
The rocks of this variety also, are classed under 
the very loose teM of greenstone ; but they ge- 
nerally differ in appearance from most of the 
varieties of A in this division, into which they 
however pass. Some mineralogists are inclined 
to place them with the syenites. They pass into 
those in a perfect manner, hy the increase of 
the felspar. When the felspar is red, they have, 
in a considerable degree, the general aspect of 
some varieties of granite ; and similar rocks 
are found connected with ordinary granite, un- 
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• der which head they have already been enume- 
rated. 

b. The felspar predominant. 

'J'his also forms one of the prevailing varie- 
ties of syenite, ami occurs under the same cir- 
cumstances as var. A, b, of this division. The 
same remarks resp^ing variations oi structure 
and connections, are applicable to it. Its aspect 
iaigfnore decidedly granitic than that of the variety 
which contains coin[)act felspar. When the fel- 
spar is of a dark grey, as sometimes happens, it is 
also included, but improperly, under the general 
term greenstone. In some cases, compact and 
common, or common ami glassy felspar, occur 
together, and tdiiefly in var. a but these varia- 
tions do not seem to i-e<|uire separate places. 

C. Compact felspar and quartz. 

This occurs in conjunction with the syenites 
and the simple rocks, of which it is an occasional 
modification ; nor does it appear to form exten- 
sive distinct masses. Quartz is found, in the 
same way, united with the simple substances D, 
E, Division First ; but it is unnecessary to mul- 
tiply these distinctions. 
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D. Common felspar and quartz. 

This also occurs among the syenites and ana- 
logous rocks, but apparently as an incidental 
yariation only. 

E. Hornblende with glassy felspar. 

This variety is rare, ani appeare to occupy 
but small spaces where it occurs, 

F. Augit with compact felspar. 

a. The augit in superior or equal propor- 
tion to the felspar ; distinctly inter- 
mixed. Augit rock. 

1 have distinguished this by the name of augit 
rock. It is in every respect analt>gous to the 
similar compounds of hornblende and compact fel- 
spar, with which it has been hitherto confounded. 
It varies materially in appearance, according to 
the colours of the augit, which are either black 
or dark green, and according to the magnitude, 
relative proportions, and .intermixture of the 
parts- It is occasionally laminar, and also colum- 
nar, and is found both in veins and in extensive 
masses. It abounds in Scotland, chiefly in the 
Western Islands, as in Rum and Sky. 
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b. In a state of minute intermixture, and 

the parts nearly, or altogether, invi- 
sible. 

This rock occurs of different colours, namely, 
pale or dark greenish grey, or greenish black, or 
black. It has the fracture and general appear- 
ance of the l>asa]tf,^ith which the darkest varie- 
ties have been confounded. Its nature, as yet, 
can only be ascertained! by traetng its intermix- 
ture with, and gradation from the preceding 
variety; as there api>ears to be at present no 
method of distinguishing an, git from hornblende 
when inthis minute state of «livision andmixture. 

c. The felspar in excess, and both the 

minerals distinct. 

This rock resembles the analogous variety of 
syenite into whicli hornblende enters. It occurs 
in Rum, and may possibly be found elsewhere, 
when mineralogists shall turn their attention to 
these hitherto neglected compounds. lake the 
commoj] syenites, it presents considerable diver- 
sity of aspect. 

G. Augit with glassy felspar. 

This beautiful rock occurs in Rum. 

It is probable that there are also compounds 
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of augit with common felspar, but as yet they 
have not fallen under my observation, and I have 
therefore forborne to reserve a place for such a 
variety. It appears further that both augit and 
hornblende exist together in the same rock ; but 
I also forbear to make a vai;iety of this at present, 
as the distinction between *%ese two minerals 
when in a state of mixture is so difficult. 

H. Hyperstheiie with compact felsar. 

I. Hyperstheiie with common felspar. 

K. Hyperstheiie with glassy felspar, and occa- 
sionally with cominoii and glassy felspar both. Hy- 
persthene rock. 

'riiese form tliree varieties of a rock hi- 
therto unknown, and to which I have given the 
name of hypersthene rock. It occurs in large 
granitiform beds, in mountain masses ; and is 
found, as already noticed, in Sky, and in Aird- 
namurchau. As yet 1 have never observed it 
either in a columnar form or in that of veins. 

It occasionally exfoliates like the grapites, in 
a solid form, by the action of the weather. In 
other cases, it possesses a foliated structure like 
gneiss, arising from the parallel disposition of 
the hypersthene. More generally, the structure 
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is granitic, and varies exceedingly, according to 
the magnitude of the parts and their relative 
proportions. Thus it sometimes resembles large 
grained granite, at others, ordinary greenstones. 
It also contains, in some cases, additional imbed- 
ded crystals of fel^^, resembling thus the por- 
phyritic granite. ^Occasionally it is so fine as to 
approach in appearance to basalt. It varies fur- 
ther according to the colours of tlie felspar, which 
is greenish grey, or white, or smoke grey, or 
dark purple gTey. It seems, at times, to contain 
hornblende, as well as hypersthene, but not so 
conspicuously as to render it necessary to adopt a 
separate variety. 

Pyrites, mispickel, garnets, and octoedral 
oxidulous iron, occur in hypersthene rock ; and 
the latter in such abundance as to modify its cha- 
racter and aspect. 

SECOND SUBDIVISION. 

Compounded of two substances ; one of which 
is more or less distinctly crystallized and imbed- 
ded in a simple base of another. Includes some 
of the porphyries. 
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A. Claystone, common, or indurated, with im- 
bedded scales of mica, sometimes regularly crystallized. 

This rock occurs both in veins and in masses 
in the Western Isles of Scotland, but appears to be 
rare. 

B. Grains, or imperfect c||||||tals of quartz imbed- 
ded in a simple base. 

a. Base of claystone. 

b. Ba:i|e of indurated claystone. 

c. Base of clinkstone. 

d. Base of compact felspar. 

These occur together M ith the simple rocks 
that form their bases, and are (ommon in Arran. 
Varieties c, d, form rocks of a sufticieutly remark- 
able appearance to attract tlie notice of a collector. 
The colours necessarily vary act ording to that of 
the bases. 

C. Crystals of felspar imbedded in a simple base ; 
or in a base apparently simple. Porphyry. 

a. Base of claystone. 

b. Base of indurated claystone. 

c. Base of clinkstone. 

d. Base of compact felspar. 

These form the most common of the simple 
porphyries. The imbedded crystals may consist 
of common felspar, of glassy felspar, or of botii 
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together. Occasionally also, the felspar is opake 
and dull, as if in an incipient state of decompo- 
sition ; sometimes, it is evert in a pondery state ; 
and,' in a few instances, it would not be supposed 
that it bad ever existed ; the rock having a carious 
appearance, and t^xipriginal seats of the crystals 
being iraperfectl;^i|011ed with an ochry powder. 

The colours of the bases ari^n all these cases, 
subject to the same variations as the simple rocks. 
Hence arise numerous varieties of aspect, still 
further multiplied by the colours of the ind)ed<led 
crystals, by their proportion to the base, by their 
size, and by different modes of disposition which 
it is unnecessary to specify. Of these latter, the 
twinning or the crossing of the crystals is the 
most remarkable. 

By the gradual exclusion of the crystals, these 
porphyries pass into the simple rocks ; and eis the 
two frequently exist in one mass, a specimen is 
not always a criterion of the nature of the rock. 
Hence the term porphyry', when used in geolo- 
gical description, must not always be taken too 
strictly in its mineralogical sense. 

/.i.. 

I'hese rocks are abundant in nature, and occur 
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either in the form of mountain masses, or in 
veins. 

The three firet varieties, a, b, c; occur chiefly 
among the latest secondary strata, but are occa- 
sionally found traversing even granffe, like the 
simple rocks of which they {^j^varieties, in com- 
pany with var. d. This Ta||^ variety occurs 
almost exclusively or at least niost commonly, 
in situations where it may be sup]>osed of far 
more antient date than the former. 

Varieties a, b, and c, are occasionally laminar, 
like thesyenites already enumerated, and also co- 
lumnar. 'Fhe var. d, is sometimes also of a 
laminar structure ; but I am uncertain if it has 
yet been found disposed in the columnar form. 

e. The biise of basalt. Basaltic porphyry. 

This rock occurs, like the simple basalts, 
among the latest strata, and under all the same 
modifications, I'he crystals of felspar are very 
frequently glassy ; and, as the base may consist 
of any of the subststnces already mentioned as 
known by the name of basalt, it might be sub- 
divided into varieties, were such refinement ne- 
cessary. 
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THIRD DIVISION. 

Compounds of three or more iupfredieiits. 

I'lKST SUBDIVISION. 

Granitiform mixtures. 

A. Felspar, hornblende, an^uartz. Syenite. 

This is the substance which alone rigidl) 
accords with the common definition of syenite^ 
although, in practice, mineralogists have not held 
it necessary to he strict on this subject ; feeling, 

i 

rather than acknowledging, the inconvenience of 
such refinements in the geological description of 
rocks. 'The felspar may be either compact, or 
common. Fhe former variety occurs among the 
overlying rocks only ; never, as far as J have ob- 
served, very extensively or perfectly, among the 
granites. The latter compound forms also a 
well-known and very prevalent variety of granite. 
Where these rocks occur with the traps, the fel- 
spar is often of a grey or greenish hue ; and, in 
this case, they have frequently been called green- 
stone, the quartz Ibeing neglected or overlooked. 
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'^riiere are many different aspects in this rock, 
arising* from the colours of the felspar, which, 
besides those just named, may be of a dull white, 
or ash-coloured, or of an ochry l^e, or of reddish 
tints. The two last, it must however be remarked, 
are rare a!nong these syenites. It varies also <*x- 
tremely, in the proportions of the ingredients; 
and those varietie^re the most reiijarkable, which 
contain a small proj)ortion of hornblende. 

B. Felspar, hornbleiule, and iniea. 

This variety does not appear to b^ common. 
It has been calle<l micaceous greenstone. 

C. Felspar, hornblende, and chlorite. 

D. Felspar, hornblende, and steatite. 

These also are rare, but they are found in 
Sky. 

E. Felspar, quartz, hornblende, and mica. 

This variety occurs in Sky, and apparently 
elsewhere, in connection with some of the pre- 
ceding, and incumbent on conchiferous limestone. 
Its geological situation therefore admits of no 
doubt, notwithstanding its resembiauce to granite. 
Its exi.stence in this situation, and the presence of 


h L 
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common greenstone and basalt among the gra- 
nites, present the two strongest examples of the 
analogy between these rocks, so different in geo- 
logical connections. In botli cases, there is no 
distinction to the mere mineralogist, or collector 
of specimens ; but the arrangement here adopted 
renders it necessary thus to separate substances 
which are, mineralogically, id^tical. 

Nt> example of a mixture of quartz, felspar, 
and mica only, has, as far as 1 know, yet occurred 
among the overlying rocks. 

As in granite, the constituent minerals are 
sometimes crystallized in these syenites. Crystals 
of brown cpiartz, in particular, occur of a consi- 
derable .size in St. Kilda. 

The columnar form of the syenite of Ailsa 
was mentioned under A, b. Second Div. First 
Subdiv., and in that rock quartz is sometimes 
present so as to In-ing it equally under the var. 
A just noticed. 

Occasionally these varieties, like others, are 
also laminar. 

F. Augit, felspar, and inesotype. 

O- Augit, felspar, and prehiiite. 
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H. Augif, felspar, and chalcedony, or quartz. 

I. Augit, felspar, chalcedony and prehnite, or 
laesotype. 

Tliese are varieties of aiigit roek^ and they 
occur ill different parts of the Western Islands of 
Scotland. 

K. Hornblende, felspar, and olivin. 

L. Hornblende, felspar, and epidote. 

These varieties are accidental, or very limited: 
they may not possibly deserve a place in a cata- 
logue of rocks formed on this principle ; as the 
last ingredient in each, may be supposed an acci- 
dental imbedded mineral. 

M. Hornblende, felspar, and prehnite ; or horn- 
blende, felspar, prehnite, and mica. 

This variety occurs in Dumbartonshire, the 
prehnite appearing rather to form a cbnstituent 
part of the rock, than to be an imbedded mineral, 

N. Hornblende, common felspar, compact felspar^ 
quartz, and steatite — apparently containing augit also. 

Occurs near Edinburgh. 

O. Hornblende, and greenish compact felspar 
forming the chief part of a mixture in which are inter- 
raingh'd glassy felspar, opake white felspar, augit in 
distinct prisms, and mica, together with pyrites. 
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i have found this rock, like N, forming a mass 
of considerable extent, near Glasgow, and have 
cjuoted them both as examples of very complicated 
varieties of what must be included with the green- 
stones. Doubtless many other varieties, which 
have not come uiidei’ 1113' notice, exist ; and these 
examples will serve to direct the attention of 
mineralogists to a minute examination of these 
rocks, should it be thought necessary to add to 
this catalogue, all the varieties that may be found 
in a clas|^ of rocks which include so many mi- 
neral substances. 

SECOND SUBDIVISION. 

One species of crystals imbedded in a com- 
pound base, or two species of crystals imbedded 
in a base that is either simple or (;ompound. This 
includes all the remaining porphyries. 

A. Felspar crystals in a base of greenstone. 

'Fliis is the greenstone porphyry of minera- 
logists, and it may exist under many different 
aspects according to the quality of the base. 
The student may distinguish these b}' referi’ing 
to the preceding parts of this catalogue, as the 
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enumeration would here serve -no purpose but to 
swell a list already perhaps too long. 

B. Felspar crystals imbedded in a base of syenite. 

This variety admits of the same refljarks ; and 

% 

the porphyries of this character, which are gene- 
rally connected with the more antient rocks, are 
often not to be distinguished from porphyritic 
granites, into which they pass. 

C. The crystals consisting of felspar and quartz. 

D. The crystals consisting of felspar and mica. 

E. The crystals consisting’ of felspar and talc. 

F. Tlie crystals consisting of felspar and epidote. 

G. The crystals consisting of felspar an0 pinite. 

H. The crystals consisting of felspar and chlorite. 

In the only example of this last variety which 
I know, the compact felspar that forms the base 
is of a green colour, and the imbedded felspar 
has also in most parts the same hue. It occurs 
near Campbelltown. 

I. The crystals consisting of felspar and horn- 
blende. 

In all these cases, as in former ones, either 
variety of felspar may form the imbedded crystals ; 
namely, the common, or the glassy, or both 
together. 
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In varieties C; D, F, F, G, H, the base may 
be simple ; or romponnd, and analos’ous to A 
and B. Hence tlie varieties of’ aspect are infinite. 

FurtheT’J the mode of intermixinre is otten 

•'W 

such, that it is difficult to determine whether the 
crystal, here called imbedded, is not rather a part 
of the base ; and, in these cases, there is a scrada- 
tion between porpliyritic anil j^ranitiform mix- 
tures. This, in particular, frequently happens 
in var. 1. It is among- the a|)i)areijtly ancient 
porphyritic rocks, that this uncertainty of charac- 
ter tak^ place. 'Fhe jiorphyries, like the amyg- 
daloids, sometimes contain empty cavities. 

It is probable that this catalogue admits of 
considerable extension, but 1 have limited the 
enumeration to those varieties which have fallen 
under my own observation, and which occur in 
considerable masses. A research among cabinet 
specimens would possibly add many more to the 
list. 


FOURTH DIVISION. 


Supra-compounded rocks. Amygdaloids of 
mineralogists ; in this country at least, as this 
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term appears to have been sometimes used in a 
ditferent sense by foreign writei’S. 

These o<»ui prise many of the rocks, both simple 
and componml, of the preceding' catalogue, as 
bases, in which are iinl)edded nodules of various 
adventitious minerals, 'I'he prevailing amygda- 
loids, however, have Ikiscs consisting of the harder 
varieties of indurated clay li, Division I’irst, 

Occasionally the porphyritic and amygdaloi- 
dal structures are combincil, its already remarked, 
producing a set of incidental vari^ics which 
it has not been thought necessary to (|^cribe. 
The amygdaloids may contain one, or more mine- 
rals, and hence also arise numerous varieties. 

Their aspects further vary according to the 
magnitude of the nodules, and the proportion 
which these bear to the base. These nodules are 
sometimes solid ; at others they do not fill the 
cavity whicli contains them. 

In some cases, two, or more, minerals are con- 
tained in the same cavity, as agate and calcareous 
spar. At times, considerable portions of an amyg- 
daloid contain cavities, without minerals, as well 
as others partly filled, together with solid nodules. 
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When such cavities are numerous, these rocks 
bear a considerable resemblance to some of the 
scoriform or cellular lavas. 

The tisfnsitiori from the simple rocks to the 
amygdaloid^^ is sometimes imperceptible ; as a 
rock, of which the prevailing character is simple, 
may contain occasional nodules of the different 
minerals. 

It may easily be conceived, that, under all 
these circumstances, the variety of amygdaloids 
is very great ; but those which contain the seve- 
ral zeolites and calcareous spar, are nppareutlv 
the most abundant. 

It w ould produce a long and little useful cata- 
logue were all the varieties of amygdaloid to be 
enumerated in detail, according to the relative 
characters of the bases, the natin e of the minerals 
imbedded, and the different combinations in 
which they exist. It has therefore been held suf- 
ficient to enumerate the minerals in a catalogue ; 
and they are placed, a*; far as possible, with some 
regard to the relative frequency of their occur- 
rence. The collector of rocks may form his ow n 
arrangement, on that basis. 
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The amygdaloids generally occur in large 
masses ; rarely in veins. They are also, in both 
these cases, occasiona’ly laminar. 

The following minerals are found in the no- 
dules of ainygdaloids. 


A. Siliceous Minerals. 

Chalcedony: variously coloured, zoned, and 
striped ; onyx of lapidaries : agates. 

Cacliolong : and semi opal. 

Hyalite. 

Heliotrope : a chalcedony coloured by chlo- 
rite. 

Brown carnelian of lapidaries : a chalcedony 
coloured by oxyde of iron. 

Chert. 

Quartz : white, transpsirent, or opake : and 
also smoky. 

Amethyst : white, transparent, or greenish, or 
purple. 


B. Zeolitic minerals. 


Mesotype. 

Nadelstein. 

Analcime. 

Stilbite. 

Chabasite. 


Prehnite. 

Laumonite. 

Ichthyopthalmite. 

Harinotome. 


C. Calcareous minerals. 

Carbonat of lime. Fluor spar. 

Brown spar. Arragonite. 

Scbiefer spar. 
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D* Miscellaneous minerals. 

Sul pbat of barytes. Green earth— if different. 

Steatite; soft and indurated. 
Lithoinarge. 

Chlorophoeite: Macculloch 
W. Isles. 

Chlorite: scaly, or crys- Conite ; the same authority, 
tallized, Leiicite : Brochant. 


Sulphat of strontian. 
Olivin. 

Epidote. 

Mica. 


E. Metallic minerals. 

Specular iioa. Pyrites. Copper. Galena. 

The following mineral siibfetanees are occa- 
sionally found in some of the ro(*ks of the pre- 
ceding catalogue, not occupying amvgdaloidal 
nodules; and he varieties which contain them 
cannot therefore with propriety he ranked in 
the {ireceding or Fourth Division. As in other 
cases, they must be considered as adventitious 
occasional inineials. 


Apatite. 

Tourmalin. 

Garnet. 

Opal. 


Asbestiis. 
Schiller spar. 
Meionite. 
Sommite. 


These have been observed in the recent 


greenstones and basalts. It is uncertain w hether 
the two last substances do not rather belong to 
lava than to the proper traps. 

Precious Opal. Chrysoprasc. 

These occur, but rarely, in certain j>orphyries. 
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FIFTH DIVISION. 

Conglomerates. 

It has been held necessary to place this 
title here because of the student’s convenience, 
although the substance included under it is also 
enumerated under the head of the conglomerate 
rocks. 

A. Fragments of different trap rocks and of 
various sizes, angular, and re-united into a solid mass. 
Trap tuff. 

a. Fine, tufaceous. 

b. Conglomerated, coarse. Trap conglo- 

merates. 

These form beds or masses, intermixed with 
other varieties in ditFerent modes. Rarely, and 
unexpectedly, they are evi n found in veins. 

They occasionally contain fragments of car- 
bonized wood or of foreign rocks, and, in this 
case, they are ranked with the transported con- 
glomerates. Occasionally they are also found to 
contain cavities ; or, the fragments of which they 
are composed, adhere in such a manner as to 
leave interstices. 
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1’he information which is to be obtained 
respecting this rock, is neither very abundant 
nor very accurate. The causes of this must be 
sought for, partly in its rarity, and partly, it is 
probable,' in the prevalence of certain hypothe- 
tical opinions respecting its origin and connec- 
tions, similar to those which have been equally 
the source of confusion in the history of many 
members of the trap family. The slender sketch 
of its connections here given, is therefore drawn 
solely from the writer’s observations ; and the 
reasons for mistrusting those which have not 
been verified by his own experience, will shortly 
appear. 

In its geological connections, as w'ell as in 
some of its mineral characters, it approaches 
veiy iearly to many members of the preceding 



PITCHSTONB. 


525 


extensive family; althcNigh it presents, at the 
same time, some very remarkable differences. 
It is also important to remark, that it is oifly 
found in those districts where the rocks of that 
family occur. 

It has been said to exist in the form of strata, 
in foreign countries ; but no example of that dis- 
position is found in Britain. It will be more 
fully shown under the head of jasper, that cer- 
tain varieties of that rock, which are disposed in 
a stratified form, have l)een mistaken for pitch- 
stone ; and it is more than probable, that all the 
other instances of a supposed stratification, are 
examples of veins, like many of those of the 
trap family, holding a course parallel to the in- 
cluding strata. 

In this country, it occurs invariably in the 
form of veins, traversing all the rocks among 
which it is found, and, where it is in company 
with stratified substances, .crossing them in an- 
gular directions, or insinuating itself in a parallel 
manner between the strata. The instance of the 
Scuir of Egg, is an apparent, rather than a real, 
exception, to this rule.; as there is no reason to 
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doubt that it is a vein fifika which the including 
parts have been remov^by the ordinary causes 
o#*waste. In one respect, however, the reins of 
pitchstone differ materially from those of trap ; 
•as they have never yet been found connected with 
large masses, in this country at least; being, on 
the contrary, of very limited extent, and, at pre- 
sent, independent. 

These veins are found situated in granite, in 
sandstone of recent origin, and in the trap rocks 
which lie above it ; a variety of connection which 
affords sufficient evidence of their intruding cha- 
racter, and which is also sufficient to prove, 
d priori, that no pitchstone is stratified ; as there 
is no instance in nature, of a stratified rock 
forming veins, or occurring in connections so 
distant and discordant as these. 

The strong analogy subsisting between pitch- 
stone and basalt, is shown by other circumstances. 
In two instances, at least, one of which occurs in 
Lamlash, and the other in Sky, veins of basalt 
are found, at their outer walls, to pass into this 
substance by a gradation more or less perfect ; 
and, in the veins found in Egg, an imperfect 
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transition of a similar nature may also be seen. 
In the same island, the temarkable vein called the 
Scuir, already mentioned, holds a place so iuMm 
mediate in texture between basalt and pitchstone, 
as to be but imperfectly referable to either. The 
same circumstance, on a smaller scale, is visible 
in many other places ; and it is further remarka- 
ble, that, in Sky, where veins of basalt sometimes 
ramify into slender filaments, these gradually 
become pitchstone. 

The last instance of this analogy, is shown 
by the fact, yet solitary, it is true, which I have 
elsewhere described, that, in one of the veins in 
Arran, fragments of the including sandstone 
strata are imbedded in the vein. 

Veins of pitchstone vary much in breadth, as 
they do in their other dimensions ; attaining one 
of many yards, and, in some cases, not exceeding 
the size of a thread. In the same vein, the mine- 
ral characters also vary ; so that many of the 
varieties hereafter enumerated, are sometimes 
found associated, either by transition, or in a 
laminar manner, in the same vein. Transitions 
into chert or chalcedony, are also found under 



528 


PITCHSTONE. 


the same eircumstanc^, is further pointed out 
in th'e S3?nop8is. 

Pitchstone presents many remarkable, varie- 
ties of structi^, both on the great and small scale. 
In Arran, it is imperfectly prismatic on a very 
large scale, the prisms being at right angles to the 
plane of the vein. In Egg, the prisms are smaller, 
but capable, in many cases, of being easily de- 
tached, and often, of very perfect forms : being, at 
the same time, placed in various intricate direc- 
tions with regard to the plane of the vein, and, 
in such a manner, that the ends of the several 
prisms are extenuated, by being compressed be- 
tween the middle parts of those adjoining. The 
laminar disposition of the veins, noticed in a pre- 
ceding paragraph, is sometimes also on a scale so 
large as to divide the vein into tAvo or three sepa- 
rate poi*lions, which are most frequently marked 
by some corresponding change of character in the 
different laminm. 

The smalle/ varieties of structure, are nume- 
rous, and often very remarkable. Among tltese, 
a laminar concretionary structure is not unfre- 
quent ; and the lamellae, which vary very much 
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ill size, are either straig-ht or curved,. In some 
cases, they are as thin li^per ; in others, ^hey 
are ttiick, and further, separable h} joints at riglU 
angles to the planes of the Iamell0aj||^ Thus they 
become divisible so as sometimes to present a 
minute prismatic disposition. 

Occasionally, these prisms present also some 
curved surfaces together with the straight ; so as 
to form columns on a ver\ small scale, which are, 
further, jointed, in some vciy rare instances, hy 
surfaces alternately concave and convex ; and, 
when such joints are very near, the parts separate 
into irregular spheroidal forms. In some rare 
cases of the jointed columnar structure, a central 
atom uf felspar, or of enamel, is found in each 
joint. 

Analogous to this, is a spheroidal concre- 
tionary structure, more or less perfect, and vary- 
ing in size, hut commonly, minute. By a tran- 
sition from this, it hecomes an aggregate of 
irregular grains, and passes info pearlstone, which 
can only he considered as a variety of pitchstone, 
and is accordingly ranked here as la variety. 
The spherules, or grains of pearlstone, frequently 
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also contatQ a central atom of felspar or enamel, 
like4he variety men^ndl^ in the preceding para- 
graph. 

The lastf'obvious variety of structure to be 
noticedin pitchstone, is the porphyritic. This 
varies much in the magnitude, perfection, or 
number, of the included crystals ; producing cor- 
responding differences of aspect. Frequently, 
the larger crystals are rounded, and converted 
into a white or grey enamel on the exterior ; while, 
in lieu of the smaller, there are only to be found 
spheroidal grains formed entirely of the same 
enamel . This variety also passes into pearlstone ; 
each grain of enamel being the centre of an 
imperfect spheroidal structure, which, acquiring 
greater distinctness, becomes the substance in 
question. Thus peailslone is shown to be 
merely a variety of pitchstone, and the association 
here made between the two is justified. 

In some rare instances, as in Arran, the crys- 
tals, of glassy felspar, are formed of concentric 
prisms separated by layers of the pitchstone, so 
that every crystal is a compound body. 

Independently of these obvious variations of 
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structure, pitchstone sometimes givesfj4tulications 
of an internal arrangemeplC'which, as in the case 
of the trap rocks, is only detected on weathering. 
Many of the varieties become of a pure white on 
the surface after exposure to the air ; scaling off 
in successive crusts that resemble white enamel, 
as they still retain the vitreous aspect and fracture. 
At the same time, the exposed surfaces are co- 
vered with undulating lines, resembling certain 
varieties of marbled ))aj>er, and evidently result- 
ing from some coirespouding difference of lami- 
nar structure ; the lamina most sensible to at- 
mospheric action, being thus detected, although 
invisible in the fresh rock. In a further progress 
to decomposition, }>itchstoue is at length con- 
verted into a fine clay, forming, in water, a very 
tenacious paste ; and it appears to be very readily 
acted on by the water, as may be witnessed in 
Arran. 

It does not always weather to a white enamel, 
becoming occasionally brow u, and, more rarely, 
turning into a black pow'der. Occasionally, it 
exhibits the kind of bloom seen on a plbm, or on 
certain kinds of bottle glass. 

mm2 
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It mus^'here also be jsemarked, that notwith- 
tand^ing its vitreous^-tBsjjpct, it often contains a 
great deal of loose water, which is easily sepa- 
rated by drying, as in many other rocks. In 
these cases it is tender, but becomes brittle after 
the water has evaporate«l. 

In many cases, pitchstoiie possesses an uni- 
form structure, showing no tendency to particular 
forms of any kind. In these, the fracture is flat, 
or more or less perfectly conchoi»lal, or sometimes 
doubly conchoidal, one concave fracture being 
contained within another. It is, occasionally also, 
minutely splintery at the same time; and very 
often the flat, or conchoidal fractures, are on so 
small a scale, and so various in position, as to 
produce an irregular angular surface. 

The lustre of pitchstone varies exceedingly 
according to its several states or varieties ; pass- 
ing' from the most perfectly vitreous to one 
scarcely more glossy than that of the finest ba- 
salts. 

The colours are various ; but a detailed ac- 
count of them being given in the Synopsis, they 
need not be notiied here. In Scotland the 
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darker hues, and the olive greens iWiparticular, 
are predominant. ^ 

The ordinary transitions of pitohstone are into 
basalt, chalcedony, and chert, as already noticed. 
One of the varieties of chalcedonic chert thus 
found in Arran is of a ve»7 singular character ; 
presenting a spheroidal concretionary structure, 
with an internal radiating’ or concentric disposi- 
tion in the spherules, and weathering to a botry- 
oidal surface. 


SYNOPSIS OF PITCHSTONE. 

FIRST DIVISION. 

Simple. 

A. Amorphous, massive. 

a. With a simple conchoidal fracture. 

b. With a flat conchoidal fracture, 

c. With a splintery conchoidal fracture. 

d. With a splintery granular fracture, and 

of various aspects, according to the 
size of the parts. 

e. With a mixed fracture, the conchoidal 

being also grtiliular. 
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f; With a mixed fracture, the large con- 
choidal presenting- a minute addition* 
ally conchoidal surface, 
g. The conchoidal fracture covered with 
minute scales, so as to give, on a su- 
perficial view, a porphyritic aspect. 

B. Concretionary. 

a. Flat, lamellar: the laniellce thick or 

thin; it even becomes schistose, or 
papery, or fine scaly. 

b. Curved, lamellar. 

c. Prismatic: the prisms simple,or jointed; 

with plane, or with curved surfaces. 

d. Columnar, or cylindroidal ; similarly, 

either simple or jointed: tlie concre- 
tion is also sometimes partly colum- 
nar, and partly prismatic ; or has 
plane and curved sides both. 

e. Spheroidal; large. This is generally 

combined with the columnar. The 
small spheroidal concretionary, is ar- 
ranged with the pcarlstones. 

f. Very imperfectly spheroidal concretion- 

ary : the transition into pearlstone. 
It sometimes also passes into the por- 
phyritic. 

Sometimes different structures are intermixed 
in the same rock, as the columnar and prismatic 
with the lamellar. 
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The lamellar pitchstone sometin^s contains 
lamellae of chert, or of cherty chalcedony., into 
which it also passes. 

SECOND DIVISION. 

Porphyritic. 

A. Pitchstone porphyry of mineralogists. 

a. With distinct crystals of glassy felspar. 

These are sometimes so transparent as to be 

nearly invisible on a fresh fracture. 

b. With distinct crystals of common felspar. 

c. With rounded, or shapeless particles of 

the same. 

d. With imbedded spherules, consisting 

of a grain of felspar surrounded by a 
grey enamel, or of the grey enamel 
alone. 

This enamel is sometimes blended with the 
surrounding rock. When the spherules are nu- 
merous, this porphyry passes into pearlstone. 

e. With imbedded crystals or grains of 

quartz, or of quartz and felspar both. 

f. With grains of quartz surrounded by 

chert, and blending with the surround- 
ing rock; or with grains of chert 
alone. This variety is analogous to 
d. 
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Porph3rritic: but the grains, which are 
chiefly oflquartz and chert, are fur- 
ther condensed in lanielieB which 
alternate with a slightly porpbyritic 
pitchstone, 

THIRD DIVISION. 

Concretionary splicroidal : Peaiistone. 

A. fonsistin^ of simple pitchstoiie ; the grains 
irregular, and confj^lressing each other in the niauner of 
coccolite. 

B. Some, or all of the grains, containing a central 
substance of another kind : pcarlstone porphyry. 

a. With grains of felspar, or oj* felspar and 

enamel, or of enamel only. 

b. With quartz, or quartz and chert. 

c. With quartz and felspar ])oth. 

d. With a central atom of clay. 

THIRD DIVISION. 

Amygdaloiclal ; coulainiiig imbedded nodules 
of anotlier mineral . 

A. Pitchstoiie containing imbedded zeolites. 

As yet this varietj has occurred oiily in BaffirPs 
Bay. 

The colours of pitchstone are various. They 
are, principally, dull white, pale ochre, pink, pale 
green, greenish grey, ochre yellow, ochre red. 
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yellow brown, fawn colour, red browQ^ grdSiish 
brown, olives of various* hues dowfi to blackish 
green,. ds#k blue, and black. The coloure are 
sometirafes also intermixed, and thus pale and 
dark green, or pale and dark grey, are interla- 
miuated, jiroduciug a striped surface. The 
coloui's of pearlstone are much more limited, 
possibly because the substanceSife is more rare. 
Those of the porpliyritic varieties are numerous, 
as this- rock is more frequently porphyritic than 
simple. 

As the porphyritic varieties may possess any 
of the modifications of the simple rock as a base, 
many additional aspects result from this cause. 

Besides the jiassage into chert and cherty 
chalcedony already noticed, pitehstone passes into 
basalt, and, as is supposed, into opal and semi- 
opal. In the passage to chert, it is sometimes 
found to contain minute grains or particles of 
chalcedony, discernible only by the lens. This 
variety often possesses a remarkable spheroidal 
concretionary structure already noticed in the 
geological part of this subject. 
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lx '^s remarked in the third chapter, that 
this division was* adopted for the purpose of com- 
prehending some rocks which occurred both in 
the primary and secondary classes, together with 
the stony substances that are found '‘in veins, and 
which may thus exist indiscriminately in both. 

In a geological arrangement, like the present, 
it is requisite to state more ])articnlarly the rea- 
sons for adopting this expedient ; a proceeding 
the more necessary , as the views on which it is 
founded, are in a great degree at variance with 
the current opinions and usual statements of 
geological writers. 

It is not very easy to discover, in those 
writings, in what light jasper has been consi> 
dered, but it has chiefly been treated of as a 
mineral, not as a rock ; while many substances, 
most obviously appertaining to it, have been 
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ranked as pitchstones, so as to h|iye produced 
great collusion, and to have introduced most 
. important errors into the^geological history of this 
substance. These particulars will be discussed 
at more length in the preliminary remarks to the 
catalogue of that rock ; and there will then be 
proved, what need only he mentioned hgre, that 
it occurs indiscriminately both in the primary and 
the secondary classes. 

Nearly the same observations may be made 
on siliceous schist, which also occurs indiscrimi- 
nately, although generally with some difference 
of character, in both classes. Geologists, who 
have admitted this rock into their systems, have, 
in some measure, felt the necessity of making 
two divisions of it ; and have accordingly divided 
it between their primitive and transition ckisses. 
But they seem either to have overlooked its fre- 
quent situation in the secondary class, or else to 
have confounded it, when it occurs there in an 
unquestionable manner, with some varieties of 
those trap rocks with which it is invariably asso- 
ciated. In this way, much confusion has been 
introduced into geological descriptions: since 
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this rock has^ from its mineral characters, been 
often referreCi to a primitive or transitioH class, 
where it formed aporti<^ of the secondary ; thus 
producing a totarmisapprehension of the relations 
of the rocks with which it was connected. It is 
not the only instance where similar geological 
errors have been committed by determining the 
class of a rock' from its mineral character ; and 
from thus concluding respecting the place in 
which it ought to be found : it is one of those 
which points out most strongly the utility, or 
rather the necessity, of a geological arrangement 
of rocks. 

That confusion has, in the primary siliceous 
schists, been much increased by misapprehend- 
ing even the true mineral characters of the sub- 
stance in question, and by confounding it with 
those varieties of argillaceous schist, which, from 
containing a large proportion of quartz in their 
composition, present an unusual degree of hard- 
ness. 

Respecting chert, it is here proper to observe, 
as formerly noticed, that is is now, for the first 
time, introduced into a catalogue of rocks. The 
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definition of its characters will be found in the 
proper place, ; but its introductiot^Ni^ould have 
been indi^ensible, even . if it had not occupied 
so decidedly the place and presented all the true 
properties of a rock, on account of its frequent 
occurrence in company with siliceous schist, and 
under circumstances in all respects identical. 

On these three rocks it may now be remarked, 
that as they are found both in the primary and 
secondary classes, and, in each, under slight dif- 
ferences of character, they might have been re- 
peated in each, as is done in the case of limestone, 
and in that of the red sandstone. But they did 
not appear sufficiently extensive or important to 
demand this attention. A further reason for the 
practice here adopted, appeared to be contained 
in that peculiarity of position by which, as thgy oc- 
cur in either of the classes, they seem to be almost 
necessarily connected with the unstratified rocks ; 
and to be often, in fact, portions of the ordinary 
strata with which they are united, more or less 
altered by the influence of those irregular and 
intruding masses. The object of this arrange- 
ment being to connect, as far as possible, the 
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substance^ d^cribed in it, with their geolt^ical 
history, it sitemed dkpedient to adopt such a 
course as would tend RiQst to illustrate* that main 
end of the study of rocl^. 

It was with some hesitation that gypsum was 
admitted into this catalogue. Like salt, it might 
have been, perhaps with equal propriety, re- 
ferred to the list of independent minerals ; had 
not the practice of geologists established for it a 
place, for which the large masses in which it 
occurs offer some justification. Like many other 
doubtful points in this arrangement, it must w'ait 
the event of future correction : but as it is found 
both among the primary and secondary strata, 
and without any differences of character, it seemed 
moi^ convenient to place it in this part of the 
classification, than to repeat it in each. 

Of the conglomerate rocks, although some 
have already come utider review, there remain 
others, chiefly of a local jmture, w'hich no oppor- 
tunity was afforded of introducing in a detailed 
manner. The general and the local rocks of 
this construction, are moreover distinguished by 
impoi-tant differences in their geological rela- 
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tions, which it was necessary to point out ; nor 
could the subject be rendered intelligible, with- 
out bringing the whole into one division. As 
they belong both to the primary and the second- 
ary class, they have necessarily found their place 
in this part of the arrangement. 

The veinstones have been introduced into 
this subsidiary place, solely for the convenience 
of the reader, and because, had they not been 
found here, they could not have been noticed in 
any other part of this work. The geologi- 
cal plan adopted, presents a reason for describ- 
ing mechanical compounds which might other- 
wise have passed unnoticed. They are fijequent 
sources of doubt and difficulty to students ; par- 
ticularly where it is difficult to trace their con- 
nections : and if it was necessary to bestow’some 
attention on the local conglomerates, which are 
so intimately connected with them in character, 
it was also important, in a geological view, to 
prevent the two cases from being confounded. 
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The reasons for introducing this rock into 
the arrangement, and for assigning it a place in 
his division, have been already state*! in preced- 
ing remarks, and will be more apparent from the 
following sketch of its geological characters. 

Our information respecting jasper is however 
so imperfect, that this sketch is necessarily very 
superffcial, and, possibly, in some points, incor- 
reiJt. The causes of this must' be sought, partly 
in the neglect which it has experienced from 
geologists, partly in its comparative rarity, and, 
still more, in the confusion which exists respect- 
ing the limitation of the name. 

The term jasper, being antient, and of a 
popular nature, has been applied to many rocks, 
some of which evidently belong to other families. 
The want of access to specimens, which, from 
their variety or beauty, have been made objects 
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of great interest by mineralogists or lapidaries, 
however unimportant they may be in a geological 
view, renders it impos^ble to know all the sub- 
stances which have been'designated by this term, 
but the following may be enumerated. 

An instance of the extreme laxity in the use 
of this name, is found in the calcareous stalag- 
mites, sometimes also called onyx-alabiister, which 
have been thus denominated ; but these instances 
are too striking to he the cause of error to geolo- 
gists. The striped jasper, however, of many 
writers, which might be a source of confusion, 
requires notice ; as it is, in all cases, a variety of 
siliceous schist, or of some analogous substance. 

Some of the cherts that are coloured by chlo- 
rite, and which are merely varieties of heliqjyfope, 
have also been called jas|}er ; as have many Pther 
cherty substances which are liere treated of in 
the following chapter ; the name being given to 
them, generally, where they have been remark- 
able for their colours. 

Veinstones, consisting of various fragments 
entangled in agate, have also acquired this name 
among collectors ; and it has indeed frequently 
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been applied in a very vague manner to many 
agates where their chalcedonic chararter was im- 
perfect; and indeed, t6 any hard ar.d uniform 
rock distinguished by brilliancy or interniixture 
ot tints. 

In this work, the name is limited to that sub- 
stance of which amineralogical definitio!) is given 
iii the thirteenth chapter, and of M'hich the geo- 
logical characters are now to l)e sketched. 

It is said to form a range of mountains in 
Siberia ; but the authority for that assertion is 
not valid. Practical geologists can be at no loss 
to account for erroneous statements made on this 
and similar subjects by ordinary tray^ellers, and 
eveti liy superficial or rapid geologists. That 
it occui's in large masses in that country, as well 
as in the Appenines, imbedded among the pri- 
mary strata, rests however on authority that can- 
not be questioned, and it is confirmed by similar 
observations in our own. In Scotland, it occurs 
in this manner in the micaceous and argillaceous 
schists. In these cases, it is an undoubted mem- 
ber, like serpentine, of the primary class. 

Where strata of quartz rock, containing much 
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felspar or clay, occur in contact with granite, 
they pass into jasper if the clay abounds ; w'hile, 
in other places, they are converted into chert if 
less of that earth is present ; or, if pure, are ren- 
dered perfect!}^ crystalline. I'hese examples are 
to be found in Aberdeen.shire, and are valuable 
on account of the light which they throw on the 
origin of this rock. 

In all the following situations, it must be re- 
ferred to the secondai^v class, unless, in the follow- 
ing instance, as well as in that just quoted, it is 
conceived to be a primary rock influenced by the 
basalt in its vicinity. 

In this case, which occurs in France, accord- 
ing’ to the authority of Soulavie, it occupies a 
position inlei’tnediate between granite and basalt. 
In the other instances in which it occurs in the 
secondary class, it is always in some manner 
connected with the ovei’lyiug, or trap rocks. 

When the iudurate<l claystones of this family, 
assume strong and ornamental colours, they are 
commonly known by this name, not perhaps 
alwaj s very properly. But, in some cases, these 
rocks, which, in most instances, pass by indura- 
N N 2 
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tion into clinkstone or compact felspar, become 
true jasper, as far as the external characters can 

be relied on ; a change which need excite no 

1 ' 

surprise, when their vlirious composition is con- 
sidered. Thus jasper is, rigidlx' speaking, an 
occasional member of the trap family ; but, on 
account of its prevailing characters and positions, 
it was judged proper to treat of the whole in this 
place. It is only one instance, out of many, of 
the impossibility of framing any arrangement 
which shall be in all points unobjectionable. 

In many situations w here the trap rocks cover 
or interfere with the secondary strata, jasper is 
found in contact with the former, and connected 
with the latter by an imperceptible transition. 
This transition points to the cause to wliich such 
jasper owes its origin ; and it will be found that 
the strata indurated into this new form, are beds 
of clay, more or less ferruginous, or of argillace- 
ous sandstone. Thus the jasper jrresents transi- 
tions into ordinary yellow clay, into the red ferru- 
ginous clay so common among the trap rocks, and 
into sandstone. In Iceland a green variety is thus 
found passing into a clay highly coloured by 
chlorite. 
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The varieties whjch originate in clay, are fre- 
quently characterized by a high degree of resinous 
lustre; and it is important to distinguish them, 
as they have here been do|te, because they appear 
to have given rise to the belief in stratified pitch- 
stone, although essentially different in their mi- 
neral characters, as well as in their geological 
connexions. The greater number of the Hun- 
garian pitchstones, (so called,) existing in the 
cabinets of mineralogists, will be found to belong 
to this place. 

The ft»rms of jasper vary according to these 
several circumstances of position. Like lime- 
stone or serpentine, it is found in irregular masses, 
obscurely, or not at all stratified. In other cases, 
in the primary rocks, it appears to form true 
strata ; a circumstance to be expected. Among 
the secondary rocks, it is massive and shapeless 
where t passes into claystone, and is stratified 
where it forms a portion of the series of strata 
connected with the trap. 

As it is also found in a state of transition into 
the ordinary stratified rocks, in both classes, it is 
easy to conceive how it may occur in small por- 
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tions, of no determinate form or character, in 
those parts only of the beds, where the "I'anite or 
trap to which its origin is referred, are immedi- 
ately present. 

Lastly, it exists in the form of veins, often 
very minute ; and, in these cases, it is probably 
a mere modification of some venous rock of the 
trap family, analogous to that case where basalt 
becomes, in the progiess of ramification, con- 
verted into pitchstone. 

Jasper presents a few modifications of internal 
structim; wliich requin' notice. It sometimes 
gives indications of a spheroidal concretionary 
disposition, more or less pert’ect, and resembling 
that which, under circumstances of a similar 
nature, occurs in chert and siliceous schist. In 
the same way, it soinedmes possesses a laminar 
structure, and thus also it approximates to the 
siliceous schists. It is easy to see how, from 
similarity of origin, connexions, and composition, 
it may be thus a mafier of doubt to which of those 
two rocks, any given sj>ecimen or bed should be 
referred. The well-known striped and spotted 
jaspers, owe their appearance to the tn^o struc- 
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tures above meutioned ; and, occasionally, the 
two are combined in the same specimen. 

It is much more rare to find jasper possessing 
a minute columnar striibtore resembling that of 
the madreporite limestone, or of ironstone. But 
this, when it occurs, is easily explained, m hen it 
is recollected that it often differs from this latter 
substance, only in the degree of hardness. The 
transition into ironstone, is similar to that into 
the ferruginous clay of the strata which lie under 
trap. One instance of the columnar structure on 
fhe large scale occurs at Dunbar. 

The texture, and of course, the fracture, of 
jasper, differs in the several varieties, "idie frac- 
ture is either flat, or imperfectly conchoidal, or 
very accurately so ; and, in the minute fractures, 
it is imperfectly granular, or angular and rough, 
or splintery, or dull and pulverulent, or uniformly 
smooth. The last variety, where it emulates 
pitchstone, or common pitch, in lustre, has often 
a fracture as perfectly conchoidal as that sub- 
stance. 

From these characters, and from the defini- 
tion given in the thirteenth chapter, it is pre- 
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sumed that the student will rarely be at a loss to 
recognize this rock, wherever, at least, its cha- 
racters are perfect : <'ases of transition must be 
studied in their geologic^ positions. 

The colours of jasper are infinitely various, 
and are the principal cause of its estimation among 
mineralogists and lapidaries. Tliey are also, in 
general, much more brilliant and decided than 
those of any other rock except limestone ; yet the 
student will, from the .preceding description, 
beware of using them as an empirical character 
to the neglect of others. Red of various hues, 
ochre yellow , greens, browns, greys of all tones, 
and black, are the prevailing tints; and they 
occur in every mode of intermixture, so as to 
present almost infinite varieties. From awish to 
conform to the popular practice respecting this 
rock, of w’In'cli the mere mineral characters are 
not much varied, these distinctions have therefore 
been introdn< ed into the Synopsis in a more con- 
spicuous manner than has been adopted willi 
regard to any other substance. 
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SYNOPSIS OF JASPER. 


A. With a dull eartliji'‘fracture, and passing into 
claystone, of which it appears to be a modification. 

This varies much iu colour, but the term is 
generally limited to those varieties which possess 
decided or brilliant hues. Reds and yellows are 
the most remarkable ; but it also occurs of grey, 
brown, purplish, and greenish tints. 

B. More indurated, and resembling the base of 
certain porphyries. 

a. Simple, and of one colour, green, red, 
■ brown, yellow, or even black. 

As this substance is generally collected for 
the sake of its colour, the more decided tints are 
commonly found iu cabinets, but it occurs of 
various hues. 

b. Striped with different colours, in conse- 

quence of a laminar structure. 

The Siberian green and red variety belongs 
to this; it also occurs of different tints of red 
alternating, or of greys, or ^ other colours. The 
latter are also enumerated among the siliceous 
schists. 
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c. Spotted, or variously mottled, in conse- 
quence of a concretionary spheroidal 
structure. 

Ilie Siberian spottel^^sper laiiks under this 
variety. The most common colours are, reddish 
and pale ochre, obscure red and white, and brown 
and ochre. 

C, Highly indurated, with an aspect approaching 
to that of chert, or even to agate ; into u Inch it passes, 
as it does into chert and quartz. 

a. With a somewhat granular fracture. 

b. With a granular splintery fracl ure. 

c. With a splintery fracture passing to the 

conchoidal. 

d. With a flat fracture passing to the 

large conchoidal. 

The two latter varieties are among the most 
esteemed, as assuming the best polish. The 
colours most prevalent are reds and yellows, 
single or intermixed in various ways. The va- 
rieties under this head occur chiefly among the 
primary rocks, 

D. Intermixed iH various ways with chalcedony 
either white or coloured, and, apparently, at times 
passing into that substance: jasperTagate of lapidaries. 

The ornamental appearance is often produced 
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by the veins, and as these become numerous in 
proportion to the base, it forms brecciated jaspers. 

Tlie colours are much vai’ied, but red and 
yellow with white or_jK)lonrless veins, are the 
most conspicuous. 

Sicily appears to abound in the most beautiful 
specinieiKs of this variety. 

E. Miniilely colinniiar and rcseinbling', except 
in hardness, the culuinnar ironstone. Found in the 
Isle of Man. , 

F. With a conchoidal fracture and resinous 
lustre: pseudo-pitchstone. 

These have been generally enumerated among 
the [)itehstones, as already remarked, and as the 
colours have been considered iinporlant, they are 
here made a ground for tlistiuguishiug tlie sub- 
varieties. 

a. Pale yellow. 

b. Ochi'e yellow. 

c. Brick icd. 

d. Brown, and purple brown. 

e. Green. 

f. Mottled with diti’erent colours. 

The green variety is coloured by chlorite, and 
occurs in iceJaiid. They all pass into clay, and 
the transition is often found even in hand speci- 
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mens. They appear to occur in volcanic, as well 
as in trap countries. St. Helena and St. Vincent 
produce examples of this, ggiture. 

Some .of the jasper^ appear to f)ass into com- 
mon opal, as they do into a^te^ but these transi- 
tions are scarcely legitimate. 
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The difficulty of procuring accurate informa- 
tion respecting the geological connections of this 
rock, in the works of foreign authors, and the 
obvious errors that have followed, from confound- 
ing it with the quartzose argillaceous schists, com- 
pel me to limit the following remarks to my own 
observations. 

The reasons for placing it in this division 
require no further explanation than that already 
given in the two preceding chapters. 

In the primary class, it occurs in the. same 
situations as the ordinary argillaceous schist to 
which it is so nearly allied, and it also passes into 
that rock by imperceptible gradation. Hence its 
characters vary, not only according to the degree 
of its induration, or the peifection of its structure, 
but a(:cording to the peculiar quality of the strata 
with which it is connected. Like jasper, it will 
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be found, that, in these situations, it is frequently 
in the immediate vicinity of granite or of por- 
phyry ; or that, at least, the actual existence of 
the first of these rocks, or, the former existence of 
the last, may be inferred where they are not 
at present visible. 

In the secondary class, siliceous schist occu- 
pies situations similar to that which jasper does, 
and on which it is unnecessary 4o dwell ; particu- 
larly, as it would lead to. geological discpiisitions 
far too important to be lightly^passed over, and in 
a great measure foreign to the ])resei]t object. It 
is here sufficient to say, that, in these cases, it is 
covered or intersected by trap r<.)ck8, and con- 
nected with shale, into which it passes by imper- 
ceptible transitions. Hence it also presents 
varieties dependant on the varying character of 
the original strata, which will be noticed in the 
Synopsis ; and, for the same reason, it is found 
associated both M'ith the cherts and jaspers that 
owe tlieir origin to the same cause. 

From the circumstances under which the 
siliceous si'hists occur, both in the primary and 
secondary classes, the stratified Ibrin is nearly 
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always present in both. Yet, in both instances, 
as the change in the original strata may be pro- 
duced by the passage of veins of granite or trap, 
as well as by the contaci of exterior masses, it is 
easy to understand how this substance may occur 
in a very limited manner, or in portions of strata. 

It moreover happens in the siliceous schists 
of the secondary class, that the stratified form 
diminishes in regularity fill it nearly or altogether 
disappesirs; in which case they have sometimes 
been coidbunded with the bi^salts to which they 
then become intimately allied ; giving rise to 
errors, which it is the bus^ess of a geological 
treatise to examine in a manner not here admis- 
sible. I’lie most important of these , is . the ima- 
ginary existence of organic remains in basalt. 

The only peculiarity of internal structure de- 
serving of notice which occurs in the siliceous 
schists, within my observation, is the spheroidal 
concretionary ; but, as far as 1 have observed, it 
is more remarkable in the secondary than in the 
primary. In the former, it is common in Sky 
and in the Shiant Isles, the original and con- 
nected strata being shale : in the latter, it is found 
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in Scalpa, in the schists which alternate with the 
primary sandstone ; and it is more particularly 
described in that work to which it has been so 
often found necessary to refer in justification of 
many of the views here held out. 

The texture, ,pnd, consequently, the fracture 
of siliceous schist, is very various. In the pri- 
mary, it is often similar to that of the analogous 
primary strata, particularly where it passes into 
hornblende schist : a transition which sometimes 
occurs, although oh a very limited scale. In the 
secondary, tlie texture is always .very compact, 
although the aspecl^of the fii’actufe varies from 
that of common flint to the more dull appearance 
of compact limestone. The form of the fracture, 
in the primary varieties, presents no peculiarities ; 
but, in the secondary, it is flat, or minutely angular 
and flat, or conchoidal, or perfectly ^uchoidal, 
like that of flint, with an equal degree of lustre. 

In the primary varieties, quartz, or mica, may 
be contained as constituent minerals, just as they 
are in the unaltered schist, when that has been of 
a compound or mixed nature ; but, in the secon- 
dary, no visible mineral has yet been found. 
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although carbon is intimately combined with it 
in those cases where it has originated in bitumi- 
nous shale. 

Organic retnains somebmes occur in the se- 
condary varieties, giving rise to the unfounded 
opinion, already noticed, that these exisetd in ba- 
salt, for which this rock has *occasionally been 
mistaken. I’hey are rare, and commonly so far 
altered in their forms, that their zoological cha- 
racters canndl be assigned. 

The colours of both varieties are, most com- 
# 

monly, tones of grey, varyiiif" from an impure 
white to black and they are often distinguished, 
in the same specimen, by ^ striped disposition, 
the consequence of laminar alternation,. 


SYNOPSIS OF SILICEOUS SCHIST. 

FIRST DIVISION. 

Primary. 

A. Simple in appearance, and resembling clay 
date, but distinguishable by its extreme hardness. 


o o 
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B. Containing mica, and distinguishable, in the 
same way, from the micaceous schists, or micaceo-ar- 
gillaceous schists (graywacke), which it otherwise re- 
sembles. 

C. Containing quart* sand, but similarly charac- 
terised by its extreme induration. 

These varieties present but trifling distinc- 
tions of colour, ‘resembling the several schists 
from which they are derived. As they vary in 
the degree of induration, so they also pass gra- 
dually into the ordinary micaceous and argilla- 
ceous schists. 


SECOND DIVISION. 

Secondar} . 

A. IVlth an earthy dull fracture and the aspect 
uf shale ; distinguishable only by its hardness. 

B. The fracture somewhat glossy; more indu- 
rated. 

These two varieties retain the laminar struc- 
ture of shale. 

C. More highly indurated, more brittle and glossy ; 
the laminar structure disappearing, and the fracture 
splintery and small cunchoidal.» 

The three preceding varieties are either black, 
or of different shades of grey. The diflferent 
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colours are sometimes also intei’laminated. They 
are frequently also interiamiiiated with chert or 
with granular limestone, for reasons already des- 
cribed. 

D. Extremely brittle, hard, and shining; the 
fracture large or small eonohoidal, and the fragments 
sharp and cutting. 

This is the Lydian stone of iiiineralogical 
writers, and is almost always of a pure black. 

E. With an h^ternal spheroidal structure, pro- 
ducing a botryoidal surface on weathering. 

This variety differs in hardness and in colour ; 
the latter is black or grey. 

These five ^varieties, being derived from the 
shales which accompany tl^^^coal strata, occasion- 
ally contain minute shells, sometimes corn pressed 
and deformed, ixs already mentioned. 

F. Laminar, with alternate colours, and forming 
some varieties of the stnped jasper of miiieralog'ists. 
The colours are commonly shades of red, brown, yellow, 
and purplish black, and these kinds appear to be de- 
rived from the coloured shales. 

G. Containing imbedded crystals of quartz, and 
of a porphyritic aspect. 

IN 

All these substances, as might be expected, 
and as already noticed, pass into the different 
rocks from which they are derived. 

o o 2 
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I'he rock, which, according to the views al- 
ready held out, 1 have introduced into the present 
arrangement by this name, is so like, in most 
t“ases, both in external {^pect, and in its chemi- 
cal characters and composition, to the mineral 
called chert, that it s^med bitter to adopt that 
term than to inventa hew one. 

Its analogy in origin to jhe two preceding 
rocks, no l^ss than th€ convenience of the student, 
was the inducement to give it a place ; as it was 
impossible to consider it as a variety of those 
limestones, or sandstones, ivith which it is par- 
ticularly connected. The reader will easily dis- 
cover that it is mentioned in the writings of 
Saussure, although he has not traced its true 
affinities as if he had been fully aware of their 
nature. 

To describe tlie geological connections of 
this rock, would be to repeat much of that which 
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was stated in the two preceding chapters ; and it 
will abbreviate the account of its history, to say, 
that it bears the same relations to the argillo- 
siliceous limestones, or the calcareous sandstones, 
that the siliceous schists do to slate and shale. 

It occurs therefore among the primary strata ; 
yet rarely, as the primary limestones are generally 
so pure as only to undergo a change to the crys- 
talline texture, by those causes which convert the 
argillaceous varieties irfto chert. For the same 
reasons, nearly, it forms, among the primary 
rocks, very limited masses ; occurring chiefly, 
if not only, in those cases where granite or por- 
phyry are in contact with limestones of the cha- 
racter just mentioned. 

Among the secondary strata, it is often found 
in extensive portioi^ ; passing into the common 
limestone by intermediate stages of induration, 
or forming entire strata, varying in character 
according to the circumstances under which it is 
associated with the accompanying trap rocks, or 
according to the previous composition of the 
original limestone. In these cases, it is generally 
associated with siliceous schist, as the unchanged 
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calcareous strata are with shale. Where it is the 
result, merely of the passage, of trap veins, it is 
limited to a short spacejfrom the contact of these, 
and passes gradually into the ordinary strata 
whetice it is derived. 

In those instances where chert originates in 
the change of beds of calcareous or calcareo- 
argillaceous sandstone, it sometimes forms exten- 
sive masses, or involves- a considemhle series of 
strata, varying in charac#r, dud often approach- 
ing in aspect to t^uartz : aiul^n some cases, as 
may easily he understood, Av^are the original 
limestone is highly argillaceous!' it^approximates, 
either to jasper, or to siliceous schisl," according 
to circumstances ; so that it might sometimes be 
as properly referred to either of these. It will 
illustrate the present views o origin, to remark, 
that where a vein or mass of trap is in contact 
with diflerent strata of limestone varying in cha- 
racter, the purer varieties become crystalline, 
while the impure are converted into chert. 

The only variety of concretionary structure it 
has hitherto presented, is the spheroidal ; and it 
is a remarkable fact, that this occurs under si- 
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milar circumstances in all the associated sub- 
stances. 

The texture, and the corresponding fracture of 
this rock, vary in different specimens, and chiefly 
according to the perfection of its character, or to 
the degree in which it diffei’s from the limestones 
and sandstones from which it has originated . I'he 
texture is, therefore, more or less compact and 
uniform, and the fracture either dull and earthy, 
or smooth. The fdrm "of the fracture is always 
plain, or conchoidal, on a large or small scale ; 
and, in those spgcnncns which are highly com- 
pacted, the conchoidal fracture is generally very 
perfect, and the lustre considerable, but resem- 
bling that of the most compact limestones. It is 
further a remarkable part of its character, that, 
although genci’ally jlllding with the greatest dif- 
ficulty to the hammer in the larger masses, the 
smaller fragments often fly asunder with great 
violence, and present cutting edges as sharp as 
glass. To compare its fragments to those of pot- 
tery and porcelain, is to convey the most accurate 
idea that can be given of this part of the charac- 
ter of these particular varieties. 
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As it sunietimes originates in secondary lime- 
stones, in this latter case it might be expected, 
like the associated siliceous schists, to contain 
organic remains ; but these have not yet been 
discovered in it. That fact however need excite 
no surprise ; as, in those cases where the second- 
ary limestones lose the stratified disposition and 
earthy texture, so as to become massive and crys- 
talline, these bodies invariably disappear. 


SYNOPSIS OF CHERT. 

FIRST DIVISION. 


Simple. 

A. With an earthy aspect resembling that of the 
secondary limestones ; the fracture rough, scarcely 
granular. 

B. With a similar dry aspect; the fracture splin- 
tery, passing to the next variety. 

C. With a distinctly ronchoidal fracture. 

D. With a laminated structure. 

E. With ail internal spheroidal structure, scarcely 
discoverable except after weathering. 
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F. With a smooth glistening fracture, angular 
and sharp ; extremely sonorous, brittle, and translu- 
cent on the edges. 

G. With the aspect of chalcedonic quartz, and 
passing into it. 

Some examples of this variety have been 
called stratified quartz. It originates in calca- 
reous sandstones. 

SECOND DIVLSION. 

Compound. 

A. Containing interspersed crystals of quartz, 
or, occasionally, of glassy felspar, and thus somewhat 
porphyritic. 

The colours of this substance are various. It 
is most commonly pale, or smoke gtey, more 
rarely dark grey, sometimes of a dull white, 
ft is occasionally reddMh brown, or purple brown, 
or nearly black, or mottled of several colours. 

It passes at one extreme into limestone, or 
into quartz, according to its origin, and occasion- 
ally presents an appearance of crystalline plate 
interspersed. 
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I have been under the necessity of introduc- 
ing into this chapter, as a sort of appendix, a rock 
for which no other pai*t of the arrangement offers 
a place ; although it differs in many respects from 
the substances contained in the preceding cata- 
logue. As also it has been called a chert by the 
authors who have described it, the student will 
naturally turn to this division for it. It is the 
cavernous siliceous the* fresh-water de- 
posit of Paris, name of 13urr-stone 

is popularly these deposits shall 

hereafter call for a separate place in a geological 
<Jassification, it will be easy to aipend this de- 
fective parf^the present arrangement. 
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ALTHOuGn it is mentioned in a former part 
of this work, that gypsum has been found among 
the primary rocks, that occurrence is very rare ; 

nor do the examples qiM\tj^d seem to have been 

>1, 

such as to have satisfied the discoverer, Saussure, 
respecting its pritnar^liatpreai, Gn this subject, 
it is better to wait for further h^formation, than 
to trust to unsatisfactory statements by the re- 
porters of the opinions of t>thers. 

In the secondary class, it in 

(‘ompaii} with that sandstone called by^lfenglish 
geologists the red marie ; and, in this manner, it 
is found, not only in England, but in different 
parts of the continent of Europe. It also forms 
a conspicuous member of that peculiar district 
around Paris, which is supposed to have been 
deposited under the waters of an inland lake. 
In this situation, it is accompanied by sand, marie, 
and other substances, in repeated strata. 
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In the inferior strata, it also occurs in inde- 
pendent masses, as well as in the stratified form. 
As the variations of texture form the only varie- 
ties which it presents, they are noticed as such in 
the Synopsis. 

Organic remainsof great interest are found in 
the gypsum of the Paris freshwater deposit. 
These are the hones of various terrestrial animals, 
of extinct species and genera ; besides which it also 
contains shells, and -remains of fish and of yege- 
tables. 


SYNOPSIS OF GYPSUiM. 

A. Granular. 

a. Tender. 

b. Compact, the alabaster of artists. 

The first of these varieties is white, or grey, or 

red ; the second is either white, or mottled and 
veined with grey, yellow, and brown. 

B. Fibrous, sometimes rather dull, often highly 
splendent. 

C. Platy, either on a somewhat large scale, or 
approaching to the large granular. 
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The minerals that have been found imbedded 
in gypsum, are quartz, arragonite, boracite, and 
sulphur. 

Anhydrous gypsum appears rather to apper- 
tain to a mineral classification, than to claim a 
place among rocks, and it is therefore omitted. 
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- Although most of these have already been 
mentioned in a more or less distinct manner, 
under the several rocks ^ith jjvhich they occur, 
it appeared expedient, ,as already remarked, to 
collect the whole vihto one geneistl view. The 
repetition h^nce ptodhced, will be compensated 
by the facijjlly of reference thus afforde^.; while 
many of the most important vai^jeties, 1^11 also 
be more particularly described, together with 
others wliich^ must otherwise have been omitted 
altogether. 

Some of the fconglomerates occupy extensive 
spaces in nature, while others are exceedingly 
limited ; and they occur, as must already have 
been perceived, both among the primary and the 
secondary strata. Those which are found in 
veins, are described under the title of veinstones. 

These rocks may be divided into two kinds, 
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the general and the local ; and these are com* 
monly very distinct, both in their geological and 
mineral characters. 

The general conglomerates forth portions of 
those mixed rocks, of which the origin is chiefly 
mechanical ; being constituted from the larger 
fragments of those substances, which, by a more 
minute attrition, have furnished the materials of 
the finer strata^/ Thus they necessarily contain 
various ro<;k^ simple or jcom pound; all of these 
being obviously of a more . arftient date than 
themselves. The jred sand^phes, and the argil- 
laceous schists, contain examples of ^is division. 
I'he materials are commonly united without any 
distinct intervening cement of a crystalline nature, 
particularly in the secondary class ; "^na theirag* 
ments are almost always more or less rounded by 
attrition. Though they sometimes ^rai tnere 
portions of the finer rocks which they accom- 
pany, they are also frequently found in extensive 
strata of great depth. 

The local conglomerates are comparatively of 
very limited extent. They generally constitute 
superficial portions of some simple rock, and are 
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most various and remarkable in the limestones. 
Hence their composition is regulated by that of 
the rock to which they are united ; but, in some 
cases, where they lie between two rocks of dif- 
ferent natures, they contain fragments of both. 
Such fragments are generally angular, and, in 
many cases, so little displaced, that the imagina- 
tion easily restores them to their proper situa- 
tions. The geological different^ of these and 
the preceding, are therefore chie% this; that 
the latter remain .in the places wjjere their inte- 
grant parts were fwined, wlyje the constituents 
of the foriq^er have undergone a transpprtation 
more or less considerable. - The simple fracture 
aird reunion of strata, account for the formation 
of the local coiigloraeratgs ; while the general 
have originateil in geological revolutions of a 
highly important and extensive nature. They 
are the consolidated alluvia of^a previous state 
of the globe. The mineral differences consist in 
the comparatively small number of the sub- 
stances that enter into the local alluvia.’ These 
also are frequently united by a distinct cement, 
either of fine materials and therefore partly me . 
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chaiiical, or of crystalline matter; this latter case 
commonly occurring in the calcareous conglo- 
merates. 

The conglomerates of the 1:rap rocks are often 
distinguished by peculiar geological features, 
which cannot be discussed in this place as they 
deserve. Although, 'in one sense, strictly local, 
their union is .often effected by operations pecu- 
liar to the rocl# that form this family, and differ- 
ing from thdie by which the consolidation of the 
other local cdliglomerates^is produced. These 
sometimes contaiif bituminiz^d wood, and other 
organic remains. W hen firmly compacted, they 
have thus led to an erroneous train of reasoning 
respecting the origin of the trap rocks in general. 
In that circumstance they bear no resemblance 
to these rocks, as they are evidently of* more 
recent date, formed from their ruins, and con- 
solidaited under the action of water. 


p p 
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SYNOPSIS OF THE CONGLOMERATE 
ROCKS. 

FIRST DIVISION. 

Consisting of fragments of one rock, either 
imbedded in a continuous base of the same sub* 
stance, or reunited chiefly by minuter fragments, 
or united by veins of carbonat ^pf lime or of 
<|uartz. 

A. Consisting'of limestone alone local. 

a. With angular fragpents. 

This variety is found both among the primary 
and secondary rocks. It includes the ornamental 
breccia marbles, and is local, and attached to 
some simple limestone. The union is chiefly 
eflected by carbonat of lime. 

b. With rounded fragments. 

This does not' often occur in extensive strata 
or masses, and is not attached like the former : 
it is formed of transported materials. These 
may be either primary or secondary. In the 
latter, the progress of consolidation can some- 
times be traced. 
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B. Consisting* of fragments of quartz alone, or 
rather of quartz rock, united in various ways. 

a. With angular fragments. 

This is a local conglomerate connected with 
quartz rock, and therefore primary. Occurs in 
Aberdeenshire near granite. 

b With rounded, or angular and rounded 
fragments together. 

This form$ ^one of the varieties of quartz 
rock, under which it is enumerated. 

C. Consisting of fragments of jasper united by 
quartz or chalcedony^ fraginentqid agate. 

This is enumerated among the ^ veinstones, 
but it appeal's to occur also as a local conglo- 
merate attached to the jaspers. 

D. Consisting of fragments of gneiss, of diifercnl 
sizes, united by agglutination. 

This is local, attached to gneiss, and cd%en the 
first bed of the primary sandstone, where that 
follows gneiss. It is of course primary, and 
occurs in Scotland in various' places on the west 
coast. 

F. Consisting of fragments of argillaceous schist, 
re-united by minuter particles and by clay, or imbedded 
in a continuous schist. 


p p 2 
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This is primary and local in some cases, as in 
Kerrera, and is noticed under the head of Argil- 
laceous Schist. It also however occurs as a 
secondary rot-k ; the parts having been trans- 
jiorted, but, from their nature, being incapable of 
showing decided marks of that transportation. 
It is thus found in the Isle of Man. ^ 

F. Consisting of chlorite schist, and formed in 
the same manner as the last variety : local. 

This rock is primary, and accompanies com- 
mon chlorite schist. Although it is to be ex- 
pected that similar conglomerates of micaceous 
schist will be found, they have not as yet fallen 
under my observation. 

G. Fragments of the different trap rocks re- 
united by finer particles of the same. 

a. With angular fragments. 

Trap tuff and noticed under the head of the 
Overlying Rocks ; local. 

b. With rounded and angular fragments 

together. 

This is a conglomerate of transported mate- 
rials, but is limited to the vicinity of trap rocks. 
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and is of partial occurrence. It is found in 
Canna and elsewhere. 

These rocks, as far as can be detennined, are 
secondary, but they may also be primary when- 
ever the rocks to which they are attached can be 
proved to belong to this class. They pass into 
the red sandstone at Oban and at Dunkeld, and 
thus form general conglomerates. 

SECOND DIVISION. 

Consisting of two substances or rocks ututed 
in modes analogous to the varieties of the First 
Division. 

A. Serpentine and limestone, or calcareous spar: 
local. 

This includes the ornamental substance known 
by the name of verde antico, already mentioned. 
It is necessarily primary. The ordinary varieties 
are connected with serpentine, or lie between that 
rock and limestone. 

The situation of the verde antico is not 
known. Anglesea affords an accessible example 
of a corresponding nature. 

B. Fragments of argillaceous schist with lime- 
stone. 
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a. The argillaceous schist imbedded in the 

limestone. 

b. A confused mass of fragments of both 

substances. 

c. Fragments of limestone imbedded in 

argillaceous schist. 

These rocks belong to the primary class. 
Some of them, as that of Sienna, are known 
among the ornamental marbles. They accom- 
pany limestone and schist when these approxi- 
mate and alternate, and are found, in this country, 
in Isla, and in the Garveloch Islands. It is unne- 
cessary to form a title to include similar com- 
pounds of shale and limestone, as they are in 
every respect the same. The}'^ are, however, 
rare ; and of course appertain to the secondary 
rocks. 


C. Fragments of limestone imbedded in mica- 
ceous schist: local. 

This variety occurs in cases where limestone 
accompanies micaceous schist, and is found in 
Isla. 


D. Fragments of granite with micaceous schist 
or gneiss: local. 
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a. The fragments of granite imbedded. 

b. All aggregation of fragments of granite 

and of micaceous schist or gneiss. 

These occur in Scotland near granite. 

£. Granite uniting fragments of the same rocks, 
and presenting similar modifications. 

Where micaceous schist or gneiss approxi- 
mate to granite, the latter often contains frag- 
ments of those rocks in such abundance as to put 
on the appearance of a conglomerate. This is 
common in Kannoch and in Aberdeenshire. 

F. Quartz imbedded in limestone: local. 

a. In angular fragments. 

b. In rounded pebbles. 

These occur both among the primary and the 
secondary rocks ; in the latter, in Arran and 
elsewhere. 

G. Trap imbedded in limestone, and in the accom- 
panying shale ; local. 

The trap is in rounded nodules, generally 
bearing the marks of weathering on the surface. 
These occur with the secondary limestones, in 
Sky and elsewhere. 

H. An aggregate of fragments of argillaceous 
schist and chlorite schist : local. 
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. This occurs, but in limited quantity, where 
these two rocks are associated. 

I. Sandstone with quartz. 

a. The quartz in angular fragments. 

b. The quartz in rounded nodules or 

united with angular fragments. 

K. Sandstone and limestone united. 

a. Fragments of sandstone imbedded in 

limestone. 

b. Fragments of limestone imbedded in 

sandstone. 

c. A congeries of fragments of these two 

rocks. 

Tliese are general conglomerates, and belong 
to the secondary sandstones, but chiefly to the 
lowest. They are enumcraled iiiider the heads 
of the respective rocks to vi^hicli they belong, and 
of which they form constituent portions. 

L. Sandstone and argillaceous schist, or shale, 
united : general. The fragments of the schist are com- 
monly imbedded In the sandstone. Belongs like 1 and 
K to the different sandstones, where it is also enume- 
rated. 


THIRD DIVISION. 

Consisting of three or more substances or 
rocks united. 
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Ttiese are the most common, and they con- 
sist of fragments, rounded, or angular, or both, 
united by means of clay, sand, and gravel, 
derived from the same substances. 

A. Fragments of quartz, and of a greater or less 
number of the primary rocks, united. 

This, under various states, forms conglome- 
rates, attached to the sandstones, and is noticed 
under those heads. It is either primary or secon- 
dary, but the former contains- a more limited 
variety of ingredients than the latter. 

B. Fragments of a greater or less number of the 
primary rocks with limestone. 

1'hese conglomerates appear to be connected 
chiefly with the lowest red sandstone. 

C. Fragments of a greater or less number of the 
primary rocks with trap. 

This conglomerate is analogous in geological 
situation to var. A of this division, and is found 
in those places where trap rocks exist. It forms 
a large tract near Oban. 

D. Fragments of granite, limestone, quartz, and 
gneiss, imbedded in micaceous schist. 

This is, geologically, the same as var. C, I), 
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of the second division, and occurs in the same 
places. 

£. Fragments of various primary rocks, or of 
secondary rocks, or of both, with fragments of trap. 

This is a trap conglomerate of recent origin, 
analogous to var. G, first division. 

Organic remains are found in some of the 
conglomerates, but only in those of the most 
recent origin : seldom in those of the lowest sand- 
stone series. Bituminized wood, as already 
noticed, occurs in those which contain fragments 
of the trap rocks. 

The finer conglomerates of some of the preced- 
ing varieties, both primary and secondary, have 
also been distinguished by the term greywack^ 
and are noticed under the head of argillaceous 
schist. 
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As these are frequently causes of doubt, or 
sources of difficulty, to inexperienced geologisla, 
it will not be superfluous to give a slight sketch 
of them after the conglomerates, to which they 
are so nearly allied. When they are found in 
veins, they readily explain their own origin ; but 
they sometimes occur in situations where their 
real connections cannot be traced, and may thus 
be confounded, without due attention, with the 
more general conglomerates, or, occasionally, 
even with the compound rocks that form exten- 
sive beds. In a work that aims to be useful 
without pretending to be rigidly systematical, the 
allotment of a place for these accidental sub- 
stances will be excused. 

The larger veins which occur among rocks, 
are commonly filled with fragments of the includ- 
ing strata, united with various minerals, earthy. 
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or metalHc, and under every possible modifica- 
tion of form and mixture. The knowledge of 
th^e which the student of rocks is presumed to 
possess, will enable him to determine the nature 
of such mixtures ; while their real nature may 
generally be decided, by their containing those 
mineral substances, whether earthy or metallic, 
which are known not to enter as constituents into 
beds of rock. 

I'o attempt a complete catalogue of such vein- 
stones, would be to make a tedious enumeration 
of possibilities ; as they are necessarily infinitely 
varied, and cannot well be connected by any gene- 
ral rules. It will be sufficient to remark, that the 
fragments which they contain may vary infinitely 
in size, disposition, and mixture, and that they 
must necessarily consist, in some place or other, 
of every rock in which veins are known to exist. 
The cementing ingredient must also be as various 
as are the minerals that occur in veins. But it 
may be remarked, that veinstones are generally 
to be distinguished from all other mechanical 
mixtures of rock, by the existence of occasional 
vacuities among the fragments, or of crystals, or, 
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lastly, by a laminar or venous disposition of the 
mineral substances which they contain. 

Besides these venous rocks, of which the 
origin can commonly be traced, it is not uncom- 
mon to find, among masses of bedded or unstra- 
tified rocks, other mechanical mixtures of similar 
character, which cannot decidedly be traced to 
their original situations. These may generally 
be recognized to be derived from corresponding 
sources, by peculiarities of an analogous, though 
of a less decided nature. They are sometimes the 
produce of veins also, of a less conspicuous cha- 
racter, and less distinguished by the variety of 
their ingredients. In many cases, they result 
from the fracture, and consequent sliding or sepa- 
ration, of a mass of rock. In such instances, a 
species of imperfect vein is formed, containing 
fragments of the separated masses, reunited by 
minute fragments of the same and by clay, or by 
the subsequent infiltration of the only two mine- 
rals which appear still to exist in a state of occa- 
sional solution, namely, quartz, and carbouat of 
lime. 

In some rare instances, of which two have been 
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pointed out in the aulhor^s work on the Western 
Islands, veins of an entirely different nature have 
been observed, consisting of rounded fragments of 
different substances, compacted into a solid conglo- 
merate, and resembling many of those which 
were described in the last article. Where one of 
the including walls of such a vein has fallen away, 
it presents the unexpected appearance of a bed or 
stratum of conglomerate, at angles to the strata in 
which it lies. It is important to point out this 
variety ; as it might otherwise mislead a geologist, 
so as to give rise to erroneous conclusions. It is 
evident that it must have arisen from the consoli- 
dation of loose materials which have casually 
fellen into open fissures. 

It is lastly interesting to remark, that the con- 
glomerate veins which are occasionally found 
among the rocks of the trap family, and which are 
formed of their fragments, sometimes contain or- 
ganic substances, namely, portions of bituminized 
wood, or of lignite. A very remarkable instance 
ofthis nature occurs in MullVwhere a lai^ge portion 
of a tree is thus situated. Erroneous conclusions 
respiting the origin of the trap family, have thus 
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also been sometimes formed ; but into the pecu- 
liar circumstances under which this occurrence 
has taken place, 1 must not here enter. 

It is obviously unnecessary, as already stated, 
to give a catalogue of all these possible combi- 
nations, as there can be no difficulty in distin- 
guishing them, as far as any useful purpose is con- 
cerned, by the examination of their constituent 
parts. They may be arranged however, in a 
general manner, if that is thought necessary, 
according to the following division. 


SYNOPSIS OF VEINSTONES. 

FIRST DIVISION. 

Angular ; or consisting of untransported frag- 
ments of the adjoining rocks. 

A. Fragments of different kinds, cemented by 
quartz. 

B. Similar fragments, cemented by carbonat of 

lime. 

C. Larger fragments cemented by amass of simi- 
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lar, but finer materials ; sometimes with a certain pro- 
portion of quartz, or of carbonat of lime, or of both. 


SECOND DIVISION. 

Formed of materials more or less altered by 
friction, and bearing* the marks of transportation 
or motion. 

A. Conglomerates, formed of different substances 
often much rounded. 

B. Conglomerates, of a fine or coarse texture, 
consisting of various fragments of trap rocks. 

These resemble many of the tufaceous con- 
glomerates of this family that are not found in 


veins. 
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VOLCANIC ROCKS. 


T HE general histoiy of volcanoes is too uni- 
versally known to require any notice in this place. 
But, although it might be supposed easy to pro- 
nounce on the volcanic nature of any rock, from 
its connection with such mountains, geologists 
are by no means agreed respecting’ the substances 
to which they attribute this origin. That uncer- 
tainty has arisen from various causes. Many 
observers have differed respecting those rocks 
which they suppose to have formed parts of the 
mountain previous to the existence of fire, and 
those which they chuse to attribute to its action. 


Q Q 
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Where volcanoes have been long extinct and 
some of their most characteristic marks have dis- 
appeared, similar doubts have prevailed on this 
subject, even in a greater degree. But it will be 
found that the chief confusion has arisen from 
prejudices respecting the trap rocks, which some 
of these observers have thought fit to attribute to 
an aqueous origin. Many of the unquestionably 
volcanic rocks, so much resemble these in cha- 
racter, that it became necessary to deny them 
an igneous origin also ; since that was supposed 
to be decided by circumstances which are not 
always present in the volcanic rocks. Hence, 
chiefly, that iucunible confusion which reigns 
in the descriptions of writers on this subject, 
and which the author’s want of experience in 
volcanic countries, does not permit him to elu- 
cidate, or remove. 

That more correct theory of the trap rocks, 
which now begins so generally to prevail, will 
hereafter remove many of these obscurities ; when 
unprejudiced observers, habituated to the various 
appearances displayed by these, shall turn their 
serious attention to the study of volcanoes. It is 
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probable, however, that another set of difficul- 
ties will always exist ; they niay even be increased ; 
since, if the trap rocks are of a local or partial 
nature, and the produce of actions similar to those 
nowpreseiit in 0x181111" volcanoes, it is by no means 
improbable that they may occupy the same places, 
as some of them actually apjiear to do, and that 
the produce of the <listaut and the recent opera- 
tions of fire, will thus be confounded. But, on 
this interestiii" part of geolo<»-y, it is not here pos- 
sible to proceed to any further discussion. 

From the imperfect and often prejudiced de- 
scriptions of writers, it is therefore imjiossible to 
know under what difierent forms the volcanic 
rocks actually exist. But those are, on all hands, 
admitted to belong’ to this division, which, how- 
ever antient, are connected with existing' or ex- 
tinct volcanoes in the form assumed by currents 
of modern lava. 

The extent of these rocks is extremely vari- 
able, as are, necessarily, their forms and disposi- 
tion ; these circumstances depending on the form 
of the ground over which they have flowed, and 
on the quantity and the natun? of the materials. 

Q Q 2 
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In the same place they are often repeated in sim- 
ple alternations, having originated in successive 
eruptions ; or else they are found forming alter- 
nations of solid rock with various loose matters. 

These loose materials, which constitute a 
principal division of the volcanic substances, 
consist of various rocks, more or less altered by 
fire, and often reduced to powder, in which case 
they have improperly been termed ashes. Be- 
sides these, volcanoes are known, in certain cases, 
to eject water ; and the deposits then form mud, 
which, on drying, is consolidated into a tufaceous 
or clayey mass. 

Respecting the modes of structure in these 
rocks, it is unnecessary to enter into minute de- 
tails; as it would be merely to repeat much of 
what has already been said in treating of the trap 
family. Of the larger kinds, the prismatic and 
the lamellar both occur ; and, of the smaller, the 
cavernous, amygdaloidal, and porphyritic, are 
very predominant. Such details as are more par- 
ticularly necessary will be found in the Synopsis. 

Of the mineral composition, there is equally 
little to be said. In all the fundamental points. 
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it resembles that of the trap rocks, as will shortly 
appear ; and the imbedded minerals which are 
peculiar to some volcanic productions, will, as 
on former occasions, be enumerated in the Synop- 
tic catalogue. Respecting these, there have been 
many doubts ; namely, whether they have been 
ejected in their present forms, whether they are 
the result of peculiar chemical affinities exerted 
in the fused mass, and, lastly, whether many are 
not the produce of subseqtient watery infiltration. 
Many prejudices, also, appeiir still to exist on 
this part of the subject ; but the difficulties, such 
as they are, will not be removed until the sub- 
stances themselves are better understood. 

With respect to the form of the Synopsis, the 
author has laboured under a difficulty from 
which, probably, no one is yet exempt, namely, 
the want of access to a numerous and authentic 
collection of specimens. It is probable, that, with 
such a collection, which does not appear to have 
been yet completed by any one in a satisfactory 
manner, the whole might have been thrown into 
the same form as the synopsis of the trap family. 
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There is reason at least to suppose that a great 
many of these rocks have their counterparts in the 
volcanic productions. But as no positive demon- 
stration on this subject could be procured, it vras 
thought advisable to model the catalogue by the 
writings of those who have had the greatest expe- 
rience, and who seem to have laboured under the 
fewest prejudices. Some alterations, which were 
suggested by the examination of specimens, by 
comparing the reports of others, and by general 
analogies, have been made ; but the whole must 
remain for a (correction which, it is hoped, is not 
far distant 

It may only be remarked, in concluding this 
obscure subject, that if a general modification of 
the whole Synopsis should be required, it will 
probably consist in a different manner of treating 
those substances which are here enumerated only 
as imbedded minerals. The quantity of Lencite, 
for example, which occurs in many of the lavas, 
is such that it forms a principal part of the rock, 
and must perhaps therefore be considered essen- 
tial, not accidental. Whenever a complete ccollec- 
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tion of these rocks shall have been formed, it will 
probably not be difficult to construct a new cata- 
logue, by adopting a different division with res- 
pect to the essential and unessential minerals. 


SYNOPSIS OF THE VOI.CANIC ROCKS. 


FIRST DIVISION. 

More or less perfectly vitreous. 

FIIIST SUBDIVISION. 

Solid. 

A. Obsidian: volcanic glass. 

a. Massive. 

b. With an imperfect laminar structure, 

indicated by a striped appearance, 
and by the action of theweather. 

c. Concretionary, imperfectly spheroidal 

or granular. 

d. Fibrous, loose, .resembling spun glass, 

rare. 

e. Porphyritic; enclosing felspar. Ob- 

sidian porphyry. 

The most common colours are black, dark 
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green, pale muddy green, grey, and brown. It 
is sometimes striped, of two colours. The lustre 
varies, as does the degree of opacity. In some 
cases it possesses an internal texture which causes 
it to give reflections resembling those of the cat^s 
eye. It has been found in one instance to contain 
mica. 


SECOND SUBDIVISION. 

Cavernous. 

A. Cavernous obsidian ; passes to pumice. 

B. Pumice. 

a. Simply cellular. 

b. Cellular protracted, becoming nearly 

fibrous. 

C. Scoria. Formed of a less perfect glass and 
passing to porous lava. 

SECOND DIVISION. 

With a base of compact felspar, or, at least, 
supposed to consist of this substance. 

A. Simple: solid, or imperfectly granular. 

B. Porphyritic: pale volcanic porphyries. 

The pale lavas appertain chiefly to this divi- 
sion. Other imbedded minerals, besides felspar, 
may occur in this variety. 
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THIRD DIVISION. 

With a base of basalt, or some analogous sub- 
stance, simple to the eye. 

A. Simple: dark lava, and scoriforin lava. 

a. Compact : compact lava. 

1>. Porous: cavernous lava; or scoria of 
some authors. The caverns are some- 
times partially filled with some of the 
minerals which constitute the volcanic 
amygdaloids, into which this vjiriety 
passes. 

c. Prismatic, or col umnar : v ol can ic basal t 

of authors. 

d. Concretionary on a smaller scale : 

spheroidal or otherwise. 

B. Compound: containing* felspar : porphyries. 

This variety may also contain many minerals 

besides felspar. 

C. Compound : containing amygdaloidal nodules : 
volcanic amygdaloid. 

The most remarkable of the imbedded no- 
dules are, calcareous spar, fluor, the zeolitic 
minerals, and chalcedony. These appear to be 
the produce of infiltration, as they are sometimes 
accompanied by water. The imbedded minerals 
not properly amygdaloidal, and which may exist 
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together with these, are enumerated, as in other 
cases, at the end of the catalogue. The colours 
of these rocks are various, namely, black, grey, 
brown, &c. ; and they depend much on the num- 
ber and nature of the imbedded minerals, where 
these exist. 

FOURTH DIVISION. 

With a base of greenstone, or of some ana- 
logous compound. The compact felspar in these 
rocks, seems to be united to augit, not to horn- 
blende. 

A. Simple. 

B. Porpbyritic. 

C. Amygdaloidal. 

This division appears to contain many of the 
additional modifications found in the last, but it 
is unnecessary to repeat them. 

FIFTH DIVISION. 

With a base of common felspar. 

These are granitic compounds, but they must 
not be confounded with ejected granites. As 
they have not received much attention, I am 
unable to describe the varieties that may exist in 



VOLCANIC ROCKS. 


603 


this division. They are highly interesting in a 
geological view, and deserve a careful examina- 
tion. It must be remarked of the whole of these 
lavas, that they present many modifications of 
external form, arising from the manner in which 
they have flowed, and resembling those found in 
the slags of furnaces. 

SIXTH DIVISION. 

Ejected substances, more or less altered by 
the fire. 

FIRST SUBDIVISION. 

Solid ; conglomerates. 

A. Conglomerates of various fragments of dif- 
ferent rocks, with mica, augit, and other minerals. 

B. Conglomerates consisting chiedy of clay, and 
having apparently been ejected in the state of mud. 
Tiifo. 

a. Coarse tufaceous conglomerates. 

b. Fine and powdery tufa. 

The local varieties of these latter, such as 
those of Herculaneum and llome, are very in- 
teresting; but they do not admit of enumeration 
in this place. They often contain augit, mica, 
or other imbedded minerals, as well as the solid 
lavas. 
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SECOND SUBDIVISION. 

Loose. 

A. Fragments of various rocks, both primary and 
secondary, more or less altered by the fire. 

B. Powdery matters : puzzolana, ashes, dust. 

The following catalogue contains the principal 
imbedded minerals which have been observed in 
volcanic rocks. It is unnecessary to add the 
names of the arnygdaloidal minerals already men- 
tioned. 


Felspar. 

Melanite. 

Pyroxene. 

Idocrase. 

Hornblende. 

Tourmalin. 

Garnet. 

Apatite. 

Peridot. 

Jargon. 

Mica. 

Pseudo-sommite. 

Hauyne. 

Ice spar. 

Meionite. 

Pleonaste. 

Melilite. 

Arragonite. 

Tabular spar. 

Oxidulous iron. 

Sommite. 

Sphene. 

Leucite. 

Copper. 


Other minerals have recently been introduced 
into the catalogue as found in similar situations ; 
but as these new species are not yet thoroughly 
established, I forbear to quote them. 
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It is barely sufficient here to notice, that certain 
burnt clays, known by the name of porcelain- 
jasper, have been considered as pseudo-volcanic 
substances. They are, in every sense of the 
word, artificial, and no more deserving of a place 
than other products of common fire. They 
occur in the vicinity of coal beds which have 
been casually ignited. 
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Some of these substances are of au alluvial 
origin, and are therefore treated of in the chapter 
appropriated to that subject. As others, how- 
ever, are found iuterstratified with various rocks, 
in several parts of the secondary series, they are 
more properly introduced in a separate place. 
This is the more necessary, as the two latter, in 
many cases, are partially solidified so as to form 
rocks; offering an,, exact analogy to that which 
happens in similar transitions between the clays 
and shales. They might perhaps with greater 
propriety have been placed in the secondary class, 
but, not having universally the general characters 
of rocks, it seemed at least equally convenient to 
include them in this Appendix. 

The clays are found in beds of greater or less 
dimensions, partially independent, or minutely 
iuterstratified with limestone, sandstone, and 
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shale. Their geological and local importance, 
no less than their (Economical uses, render them 
objects of considerable interest to a geologist, 
but an examination of these subj'ects is* not 
here admissible. The clays of the coal fields, 
which contain ironstone, the blue clay of Lon- 
don, and Fuller’s earth, are among the most in- 
teresting. 

The marles occur in similar situations, and 
are, most particularly, interstratified with lime- 
stone ; being often solid, and thus forming marie 
slates. I'hose of Gloucestershire and Lincoln- 
shire are among the most interesting in the 
English strata. In the foreign, it yet remains to 
be ascertained what the tru^ nature of many of 
these rocks are ; as, in some, which are said to 
occur with primary limestone, organic remains 
are found. 

The positions of the sands are similar, and 
they are frequently also intermixed with extensive 
consolidated portions forming sandstones, which 
it has been necessary to notice already under that 
head . Among the English strata, the ferruginous 
and the green sand, are the most conspicuous 
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aix^ extensive ; the former lying above the Pur- 
beck limestone, and the latter immediately be- 
neath the chalk. 


SYNOPSIS OF CLAY, MARLE, AND 
SAND. 

CLAY. 

A. Ferruginous clay : scarcely ever plastic, red, 
or yellow. Occurs in beds under trap rocks, and passes 
into jasper ; where it is also noticed. 

B. Fuller’s earth : dull green or grey : semi- 
transparent, and crumbling, when in water. Occurs in 
the upper sandstones, in the limestones, and in the red 
marie sandstone. % 

C. Schistose clay: white or grey: scarcely plastic 
till after exposure to air, when it crumbles. Pipe clay. 
Above the chalk in Dorsetshire. 

D. Indurated, generally in irregular nodules ; 
very refractory in the fire. In the coal series. Stour- 
bridge clay. 

E. Plastic clay^^ potter’s clay, of various colours 
and properties. Occurs in different parts of the 
secondary series. It is perhaps not essentially dis- 
tinct from C. 

F. Blue clay: London clay: plastic in various 
degrees. Contains peculiar imbedded fossils, whence 
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arises a geological interest not here admitting of dis- 
cussion. 

It is unnecessary to enumerate more varieties 
of a substance of which the composition *and 
characters are so unsteady. The clays p:iss into 
shale, sand, and marie, and contain ironstone, 
pyrites, gypsum, and various organic remains. 
Menilite is found near Paris, in some cases, in a 
clay marie. Lithoniarge, hole, tripoli, and other 
partial substances, cannot claim places in this 
enumeration. 


MARLE. 

A. Simple, or earthy. 

a. Massive, more or less compact. 

b. Schistose, marle-slate. 

Some of the specimens of both these, fall 
into pieces by exposure to air, and then be- 
come plastic. They occur, principally, with the 
secondary limestones, and vUry much in their 
appearance, colours, and composition. They 
pass into shale by the diminution or loss (»f the 
calcareous ingredient. 


R R 
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B. Bituminous marie : more or less distinctly 
schistose. 

There is considerable obscurity in the history 
of this substance ; as it contains fish, and is yet 
said to acconapany primary limestone, as above 
remarked. It is found in various parts of the 
continent of Europe. 

The other substances known-to agriculturists 
by the name of marie, belong to the alluvia, 
where they are fully described. 


SAND. 

A. Quartz alone. 

B. Quartz and clay, 

C. Quartz and limestone, or quartz, limestone, 
and clay. 

D. Quartz and mica 

These occur in different parts of the series of 
the secondary strata: some of them, conspicu- 
ously, under the English chalk. They are some- 
times partially indurated into sandstones, as 
already mentioned. 

£. Quartz and highly ferruginous day, or ochre, 
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with other ingredients of less importance. The ferru- 
ginous sand of the English strata. 

F. Quartz, limestone, mica, and green earth. 
The green sand of the same series. 

These also are sometimes indurated into 
sandstones w hich have been already enumerated 
under that title for the convenience of the 
reader. 


n H 2 
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T HIS valuable substance, here included among 
the rocks, for the reasons formerly assigned,' is 
found in various parts of the world, but most con- 
spicuously ill Jlritain. It occurs both in the 
primary and secondary strata ; but so rarely and 
in such small quantity in the former, as scarcely 
to deserve notice here, were it not for the sake of 
the connection in mineral characters between the 
two. 

In the primary rocks, it has been found in 
gneiss, in micaceous schist, and in argillaceous 
schist; forming small lamiine, or scattered por- 
tions ; and thus it occurs in several parts of the 
continent of Europe. It has also been found in 
detached lumps in limestone, in Norway, and in 
an antient conglomerate rock, in France. 

In the secondary class, it forms beds of con- 
siderable extent, alternating with rocky or earthy 
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strata, and associated with different members of 
that series. The whole of its connections of this 
nature, have not been ascertained ; but to detail 
even that which is known, would here be out of 
place ; while it is not of a nature to admit of an 
useful or intelligible abridgment within the pres- 
cribed limits. It forms, in its application to the 
uses of life, one of the most important branches 
of geological science. 

The lateral extent of these deposits, com- 
monly known by the name of coal fields, is often 
very considerable, and it is observed, that, in 
many cases, they occupy basin-like cavities, often 
incurvated upwards on all sides. In others, they 
are inclined at various angles, in such a manner 
that their probable extent cannot be conjectured. 
It is usual for more than one bed of coal to be 
found in a deposit, and sometimes they reach to 
ten, twenty, or more. At Liege, it is said that 
there are sixty beds. The alternating substances 
are sandstone, limestone, shale, clay, and sand. 
The thickne^ of the coal strata varies from less 
than an inch to many feet. Where they are 
traversed by tmp veins, or in contact with masses 
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of that rock, they are often converted into cinder, 
or coke. 

The strata of coal are generally divided by 
natural joints, more or less perfect and extensive, 
by which they are formed into cuboidal and pris- 
matic masses. I’he most frequent variety of 
structure which they present is the laminar ; and, 
in some rare instances, where in contact with 
trap, they also assume prismatic forms. 

The mineral composition of coal is scarcely a 
subject for consideration in this work, of which 
it is not the object to record the chemical nature 
of the simple minerals. Yet, as it has been ge- 
nerally misapprehended, it will be useful to sketch 
it in the briefest possible manner. 

All the bitumens, from naphtha to asphaltura, 
consist of compounds, apparently indefinite, of 
carbon and hydrogen priricipally ; the small quan- 
tities of oxygen and azote which they contain, 
appearing to have little or no effect in modifying 
their mineral characters. In the most fluid, the 
hydrogen predominates, diminishing progres- 
sively according to the order of their relative te- 
nacity or solidity. Where asphaltum ends diis 
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series, cannel coal, with some interruption in com- 
position, and a considerable one in texture, com- 
mences that of the coals. From this variety, 
down to the most perfect anthracite, there is a 
similarly indefinite range of composition; the 
hydrogen gradually diminisliing as the coal be- 
comes less inflammable, as it is less capable oil( 
being separated into bitumen and charcoal by 
distillation, and as it yields a smaller comparative 
proportion of the former. Thus the composition 
of the bifiimens illustrates that of the several 
varieties of coal. This gradation is, however, 
only noticed in a general manner in the Synop- 
sis, where the several popular and received varie- 
ties, are distinguished as if they were all definite. 
The most perfect anthracite appears to yield 
no bitumen, yet it still contains hydrogen, per- 
haps in every case ; as that element is present 
even in common charcoal, which is itself a com- 
pound substance. Where anthracite passes to 
plumbago, which may in fact be considered as 
the true end of this series, the hydrogen seems 
to have disappeared ; and, if this substance be 
not mere carbon, as it probably is not, from the 
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apparent combustion which it undergoes on ex- 
posure to air, when its base has been extricated 
from iron under water, it undoubtedly approaches 
nearer to that element than any of the preceding^ 
substances. 

It is impossible to etiter here at greater length 
into this interesting subject : the fuller details of 
these views must be reserved for some more ap- 
propriate place. But this sketch is sufficient to 
show the incorrectness of those opinions in which 
coal is considered as a compound of charcoal and 
bitumen ; these being themselves varying com- 
pounds of simpler chemical elements. 

The organic remains found in coal, are limited 
to the secondary varieties, iis might be expected, 
and they consist of unknown vegetables of dif- 
ferent kinds, which, from their general charac- 
ters, appear to be chiefly of aquatic origin. Py- 
rites also occurs in this substance. 


SYNOPSIS OF COAL. 


A. Burning with difficulty and without flame: 
anthracite, when this character is perfect. 
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This is a modification of carbon which con- 
tains so little hydrogen as to yield no naphtha 
or petroleum on distillation; whence it gives 
fieither flame nor smoke. 

a. Massive; with a couchoidal shining 

fracture of an aspect sometimes 
nearly metallic. 

This occurs in Germany and other countries* 
among the primary rocks; in SUiftordshire, 
among the secondary coals. It passes into plum- 
bago. 

b. Friable, pulverulent, or scaly. 

This variety is rare and in small quantity : it 
occurs in Switzerland. 

c. Laminar: known by the name of blind 

coal, stone coal, culm, and Kilkenny 
coal. 

This occurs, like the preceding, in the pri- 
mary strata, in micaceous schist, argillaceous 
schist, and gneiss. But it is far more abundant 
in the secondary, as in many jmrts of Britain and 
Ireland. It passes into common coal. 

d. Columnar, or rather prismatic. 

Occurs in the vicinity of trap rocks, and 
is therefore partial and rare. It passes into 
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plumbago, forming the anthracolite of Baron 
Born. 

B. Flaming, and burning easily; with smoke. 
Common coal. 

It occurs either massive or slaty ; but the two 
are so generally united, that it is unnecessary to 
distinguish them as separate varieties. It (lifters 
much in quantity in difterent situations ; chiefly 
in conse(|uence of the degree in which it recedes 
from the preceding, or the quantity of bitumen 
which it yields on distillation. 'Phe best kinds 
unite, or cake, in the fire, by a partial fusion. 
It presents other varieties of much inferior value, 
in consequence of mixtures of clay, forming 
coarse coal, d'hese pass into bituminous shale, 
formerly noticed. They are always secondary. 

C. Very inflammable; leaving little coak after 
inflammation; massive or imperfectly laminar: with a 
large conchoiilal fracture more or less bright, but 
sometimes quite dull. Canuel coal and Parrot coal. 

Occurs in the secondary coal of other quali- 
ties, and is, sometimes wrought, like jet, for orna- 
ments. 

D. Coak, ashes, and smut. These rare and par- 
tial modiflcations occur in the vicinity of trap, as already 
noticed. 
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The history of the greater number of these 
deposits is of the most interesting kind, but is so 
purely matter of geological inquiry as to be in- 
admissible in this work. There are two distinct 
divisions of substances comprised under this 
head, the loose and the solid ; both of them pos- 
terior to the latest indurated strata, and the latter, 
evidently more recent than the former. A few 
words must suffice respecting both. 

Alluvial, unconsolidated deposits, occur in 
various situations, bespeaking, in many, im- 
portant differences of origin. 

Where_ they are found in vallies through 
which riveis flow, they generally arise from the 
abrasion of the channels ifi which these run ; 
and more particularly, from the wear of the 
higher rocky hills that form their sources and 
contain their springs. They originate in the 
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same causes, in most instances, where they form 
those extensive plains that accompany the es- 
tuaries of rivers, whether these terminate in the 
sea or in an inland lake. In the former case, they 
constitute submai'ihe banks and low islands ; in 
the latter, in the course of their progress, they 
obliterate the lakes, and thus form solid and ex- 
tensive deposits in vallies, which have sometimes 
been imagined to originate in causes of a more 
general nature. 

The action of the sea on its shores, is some- 
times such as to reject on them the loose mate- 
rials which it contains, and which it may have 
derived, either from more distant and similar 
sources, or from the perpetual reproduction and 
death of the tribes of shell-fish by which it is 
inhabited. In some cases of this nature, the 
sea is thus caused to retire before the increasing 
shore, and that increase is often accelerated or 
consolidated by the growth of various plants 
which take root in the new-formed soil. In 
others, the winds disperse the lighter materials, 
consisting of sand ; which thus frequently over- 
whelms the interior laud, for a certain space. 
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with deposits of this substance, often of great 
depth. 

In consequence of the daily waste of moun- 
tains, and without the assistance of streams, but 
urged solely by the force of gravity and the ordi- 
nary drainage of the surface, beds of alluvial 
matter are iii many situations deposited on the 
sides of hills, and in some cases to a considerable 
depth. 

Lastly, in some places, rocks are found to 
have been disintegrated in situ in consequence of 
the action of water or other causes, and sometimes 
to a considerable depth. In favourable circum- 
stances of position, these remain in their places, 
forming beds or masses of loose materials, con- 
sisting of larger fragments of the more solid 
parts, mixed with the clay and sand resulting 
from the more complete decomposition of others. 
This occurrence takes place, chiefly, in granite, 
in gneiss, in some of the trap rocks, and in the 
red sandstone. Of the latter, Arran and C’antyre 
present some remarkable examples. 

Thus there seem to occur in nature four dis- 
tinct classes of partial alluvia, namely, those of 
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rivers' and estuaries, marine alluvia, alluvia of 
descent, and untransported alluvia. 

A separate division must be formed to con- 
tain the general alluvia, which occur in situations 
where none of these causes can have acted, and 
which appear to owe their origin, in many cases, 
to deluges, apparently, of a temporary and par- 
tial nature, in others, to that great event of the 
same description recorded in sacred history. It 
is extremely important to distinguish these from 
the former, with which they have often been 
confounded ; but to attempt even the slightest 
sketch of this, would be to enter on a subject 
foreign to the nature of this work. In all these 
cases, the distinctions are chiefly, in many, purely, 
of a geological nature. 

The extent, the depth, the forms, and the 
connections of all these deposits, are so various, 
that no description admissible in these prefatory 
observations could convey an idea of them, and 
they must consequently be reserved for their more 
appropriate place in a System of Geology. It is 
only necessary to observe in the briefest manner, 
that their forms are under the daily influence of 
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the causes which produced a great portion of 
them ; and that in consequence of these daily 
actions, the alluvia of a general nature are often 
in dangef of being confounded with those of 
more recent and partial origin. 

Many of the alluvial deposits present an alter- 
nating stratification, more or less frequent and 
regular, of the different modifications of which 
they are formed, often emulating, in every thing 
but consolidation, the finer and coarser beds of 
the red sandstone. They also, in some places, 
alternate with beds of peat, or of those sub- 
stances called lignite or brown coal, which are 
hereafter noticed. 

Respecting their structure, if this term be 
admissible, it is only necessary to remark that 
they consist of materials varying from the fine- 
ness of mud and of sand to the bulk of many 
cubic feet: and that in their mineral composition 
they contain fragments of every rock in the sys- 
tem of nature. Whether the larger fragments 
are rounded or angular, depends partly on the 
distance whence they have been transported, on 
the time and degree during which they have been 
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exposed to the several causes of waste, and on the 
nature of the materials. 

Organic remains, both vegetable and animal, 
are found in the alluvial deposits, and these are 
frequently interesting, as coaliSting of the bones 

V' ' 

of many species of terrestrial animals now extinct. 
It is scarcely perhaps necessary to remark, that 
minerals sufficiently permanent in their nature to 
resist the effects of waste, also occur in them ; 
among which the diamond and gold are the 
most remarkable. 


In treating of the consolidated alluvia, or of 
alluvial rocks, strictly speaking, no notice is here 
necessary of those very partial deposits, formed 
by infiltration or otherwise, which are found in 
many situations, and which are more properly 
described in works of mineralogy. If a line in- 
deed has not been strictly drawn between those 
which seem to claim a place here, and those 
which belong to inineralogical arrangements, it 
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is only a defect which, on other occasions, it has 
been found impossible to avoid. 

The substances here considered as alluvial 
rocks, are, either extensive calcareous deposits 
from existing waters, or loose alluvia which have 
been consolidated by one or other of the follow- 
ing causes ; namely, the deposition of carbonat 
of lime from water, or the agglutinating power 
of that compound of water and carbonat of iron, 
called rust, to which no chemical term has yet 
been applied. It is not improbable that, in some 
more rare instances, there may be added to these, 
the recent solution of silica, and an adhesion of 
certain mixed earths which, although it appears 
to be merely the result of pressure and repose, is 
probably owing to the same circumstance in a 
degree less perceptible. 

The power of carbonat of linie, it must also 
be added, may be called into action without the 
actual infiltration of foreign solutions ; and thus, 
fragments of shells, or mixtures of these, or of 
other calcareous matters, with sand, are some- 
times consolidated; the very substances them- 
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selves affording, by their partial solution, that 
cement by which they are united. 

The alluvial rocks which are formed by de- ■ 
positions from water, necessarily vary in dimen- 
sion and disposition, as well as in situation, 
according to circumstances which do not admit 
of being here described. Those which originate 
in the other causes just mentioned, also present 
many variations, depending on circumstances 
which may easily be apprehended. Thus they 
are found in inland situations, or on sea shores, 
or occupying portions, more or less extensive, of 
the looser materials in which they are found. A 
certain class of them form some of the varieties 
of the veinstones mentioned in a preceding 
chapter. 

In a geological view, they are in some other 
respects very interesting; as indicating those 
actions of a corresponding nature, though much 
more distant in point of time, which have led to 
the consolidation of many of the looser strata of 
sand and similar matters, and which, as they are 
portions of the consolidated series of strata, have 
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been considered in another place. Most of the 
secondary rocks indeed, and, perhaps, not a few 
of the primary, may be supposed to have had a 
similar origin ; but these are questions appertain- 
ing’ to geology. 

Respecting the texture and composition of 
these rocks, it is scarcely j>ossible to say any thing 
which would not be a repetition of what has been 
said in treating of the loose alluvia, or which may 
not be as easily deduced from the preceding ob- 
servations. The more minute peculiarities will 
find a more proper place in the Synopsis. 

Like the loose alluvia, they may also contain 
imbedded minerals ; and the diamond has thus 
been found forming part of a conglomerate al- 
luvial rock. Organic remains also occur in them ; 
and. some of the instances, such as that of the 
West Indies so well known as containing human 
skeletons, are particularly interesting ; as, from 
confounding them with earlier rocks of similar 
character, the most serious geological errors 
might arise. 
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SYNOPSIS OF ALLUVIA. 

FIRST DIVISION. 

Loose. 

A. Sinj^le stones, more or less accumulated in 
particular places, generally bearing marks of waste in a 
greater or less degree, and commonly consisting of the 
older rocks. 

a. Granite boulders. 

b. Boulders of other rocks, which it is 
^ unnecessary to distinguish, as the for- 
mer, from their greater conspicuity 
and frequency, have here been. Sin- 
gle in inland situations, and forming 
heaps on seashores. 

B. Stones of various sizes mixed with sand or 
clay or both, 

a. The produce of one rock : alluvia 

formed in situ. 

b. Pebbles of flint with sand and clay. 

London gravel bed. It is uncertain 
whether these pebbles have been 
rounded by the action of water^ or are 
in their original forms. 

c. Rounded fragments of various rocks, 

intermixed with clay or sand. Dilu- 
vian alluvia, and the alluvia of rivers. 

d. Fragments slightly rounded, or angu- 

lar, with clay and sand. Alluvia of 
descent. 
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C. Of fine materials, consisting of sand and clay 
more or less compacted. 

a. Clay. 

Many varieties, both in a mineralogical and 
in an cecoiioiniral view, are comprised under 
this head. It contains variable proportions of 
alunnna and of silica, and in some places, it also 
contains magriesia and lime. Among the most 
remarkable varieties u Inch 1 have observed in this 
country, are the white clay of north Uist and 
Harris, and the porcelain clay found in some parts 
of Cornwall in superficial beds ; the former 
produced from gneiss, the latter from granite. 
Although many of the clays described at page 608, 
may resemble others belonging to the alluvial 
deposits, their geological differences are impor- 
tant. The colours are various, blueish black, 
gi'ey, yellow, or white. 

b. Clay with a large proportion of sand : 

loam of agriculturists. 

c. Compact sand, always with a mixture 

of fine clay sufficient to consolidate 
it: found in the alluvia of rivers and 
lakes, and on the sea shore. 

<1. Clay containing inflammable or carbo- 
naceous matter arising from Jhe de- 
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composition of animals and vege- 
tables : mud. In many estuaries, 
and in the deposits of slow moving 
rivers. 

D. Consisting principally of calcareous matter. 
Marie. 

a. Powdery, or imperfectly plastic, with 

few or no distinct fragments of shells: 
often much mixed with sand and clay. 

b. A congeries of shells and fraguients of 

shells, more or less pure. Shell 
marie of agriculturists. 

Those which contain organic remains, are 
found on sea shores, or on lands that have been 
deserted by the sea, as well as in lakes, wliere 
they often accompany peat. Where found in dry 
places inland, they generally mark the situations 
of antient lakes. But, in several parts of Perth- 
shire, they also occur on declivities, having been 
formed by terrestrial shells. In other cases, they 
are formed by the alluvia of calcareous rocks. 

E. Of fine materials, and loose, or incompact. 

a. Quartz sand. 

On sea shores, and also removed by the 
winds, so as to form sand hills and other similar 
inland deposits, which are consolidated by the 
growth of vegetables, and sometimes by the for- 
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mation of peat; in which latter ease they are 
mixed with powdery peat earth. 

b. Of calcareous sand ; commonly from 
the decomposition of sea shellss and 
found under similar circumstances. 

F. Sands of various constitution, found in partial 
deposits in different places, and commonly, if not 
always, arising from the decomposition of rocks. 

a. Quartz and argillaceous schist. 

b. Quartz and felspar. 

c. Quartz and the sand of trap rocks. 

d. Mica: or mica with clay, or felspar, 

or quartz, or hornblende, or all of 
these. From gneiss and granite. 

G. Mixtures of various kinds, forming the soil 
of agriculturists. 

Some of these are transported materials, others 
are the produce of rocks decomposed in situ. 
Those produced, in the latter case, by the decom- 
position of many trap rocks, of the argillaceous 
limestones, and of the argillaceous schists, are 
the most fertile and valuable. 

H. Vegetable soil, or mould, consisting of a mix- 
ture of any of the preceding with a hydrocarbonaceous 
compound, analogous to peat, which results from the 
decomposition of vegetables. 

Other circumstances being equal, the fertility 
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of these depends on the proportion of this sub- 
stance ill the compound. 

SECOND DIVISION. 

Solid. 


' FIEST SUBDIVISION. 

Simple. 

A. Compacted sand of quartz, or recent sand- 
stones : sometimes found in river alluvia ; tender. 

B. Compacted shell sand : recent oolite. 

This occurs abundantly on the shores of the 
Bahama Islands ; also in similar situations else- 
where. The grains are often perfectly rounded, 
and it serves to explain the origin of the older 
limestones of this nature. 

C. Compact limestone, deposited from the waters 
of existing rivers or lakes in large masses. 

The well-known travertino of Rome belongs 
to this variety. The stalagmitic rocks, such as 
that of Gibraltar, may also be arranged under 
this head. 
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SECOND SUBDIVISION. 

Compound. 

A. Substances of various kinds and sizes ce- 
mented by carbonat of lime. 

a. Quartz sand cemented in this manner. 

On seashores and in river alluvia. Abounds 
on the shores of the Messina, where it is u rougbt 
for economical purposes. Occurs under singu- 
lar modifications near Delvin in Perthshire. 

b. Frag-meiits of many kinds cemented in 

the same way into a soli<l mass. 

On the north coast of Cornwall, near Dunbar, 
in Rasay, and on other sea shores. 

B. Various substances cemented by rust of iron. 

a. Quartz, sand, aud gravel: recent ferru- 
ginous sandstone. Resembles the 
hard portions of the ferruginous sand 
deposits of the English strata. 

b. Flint gravel, clay, and sand, united by 
the same means. 

Occurs near Croydon, and elsewhere, in the 
gravel bed. 

Some of the trap rocks seem to undergo a 
similar process after disintegration ; forming a 
recent tufa. 

The English puddingstones, so well known. 
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and found in Hertfordshire, ought probably to 
be referred to the second subdivision, under 
which they would form a variety il, cemented by 
quartz. But as the real origin of this substance 
does not appear to have been ascertained, I have 
preferred leaving it in doubt for futine enquiry, 
althougli enumerated in the mean time, under 
the head of the superior sandstones. 
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In giving a place to peat in this arrangement, 
it seemed also indispensibly necessary to intro- 
duce those analogous matters, verj' conveniently 
designated by Brongniart’s term lignite, which 
are even more intimately connected with coal by 
their origin and position. 

The superior antiquity of lignite to peat, is 
proved by its position under considerable depths 
of alluvial matter, and by the greater degree in 
which it has undergone the process of bitumi- 
nization. They differ also in another essential 
circumstance, namely, that the production of 
lignite has long since ceased, whereas that of peat 
is in daily and visible progress. 

In its chemical properties, lignite holds a 
station intermediate between peat and coal ; 
while, among the varieties also, a gradation in 
this respect may be traced ; the brown and more 
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organized kinds, approaching very near to peat, 
while the more compact, such as jet, approxi- 
mate to coal. 

Chemical analysis proves that the most im- 
perfect peat differs little from wood, and that jet, 
the most perfect lignite, differs in the same man- 
ner hut slightly from coal. The intermediate 
varieties between these extremes, present cor- 
responding differences which show that the whole 
of these substances are in the progress of bitu- 
minization, and which render it probable that, 
by the completion of that process, and by certain 
changes in their texture, they are ultimately 
destined to form that substance. It is not within 
the limits of this work to enter further into this 
interesting subject, which will find a more ap- 
propriate place in a system of geological science. 

Lignite is found in strata varying in thick- 
ness, from a few inches even to fifty feet, and, 
sometimes occupying extensive tracts in alluvial 
valleys. It is always covered with the alluvial 
deposits, and, although it sometimes forms only 
one stratum, it occasionally exists in repeated 
alternations with clay, sand, and marie, and 
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occurs even in alluvial or recent sandstones. At 
Bovey, there are seventeen strata. It is some- 
times also found dispersed in small masses ; a 
circumstance which happens more particularly in 
the case of jet. 

Organic vegetable remains are found in lig- 
nite, and it also sometimes .contains mellite, 
amber, and sulphur. 


SYNOPSIS OF LIGNITE. 

A. Jet. Hard and compact; has a pitchy lustre 
and takes a good polish : sometimes retains marks of 
the wood whence it has been derived. 

In France, Spain, Germany, &c. In the for- 
mer it sometimes occurs in recent sandstone. 

B. Surturbrand. Less compact and more brittle 
than jet. 

Found in Iceland, in Sussex, and elsewhere. 

C. Friable : moor coal of some writers. 

Is found in the south of France: contains 
marks of vegetables, and it occurs in sand and 
marie. 
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D. Fibrous ; brown coal, bitumiuizod wood, 
Bovey coal. The vegetable texture very apparent, 
the colours brown or brownish black. 

Some of the surturbrand of Iceland belongs 
to this variety. 

E. Earthy or pulverulent, sometimes a little 
compact and retaining the texture of wood : contains 
also remains of vegetables. 

Is found under a deep alluvial soil near 
Cologne, and is known by the name of Cologne 
earth in the arts. The thickness of the beds 
reaches even to fifty feet. 

The lignite, or bituminous wood, found under 
trap rocks, is of a more distant origin, and in 
some cases appertains rather to the family of coal. 

F. Retaining more or less of the texture of wood 
and passing into true coal. Basaltic wood ; and basal- 
tic coal of some. 



639 


PEAT. 


Although peat does not in every instance lie 
above all the alluvial soils which may be present, 
that is at least its predominant position. It is 
invariably found above those of an extensive and 
general nature which may be referred to a dilii- 
vian cause ; and, where it lies beneath deposits of 
clay or sand, these will be found of modern 
origin, and produced by the very recent action 
of rivers. 

These alternations are not frequent where 
they do occui’ ; and they consist either of marie 
or sand, deposited in lakes, or of clay and sand 
formed at the estuaries of rivers. The beds of 
peat, in these instances, are generally of ijicon- 
siderable thickness. Where it is found, as is 
most frequently the case, at the surface, it lies 
above the ordinary alluvial soil ; forming strata, or 
tracts, more or less extensive, according to tin; 
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nature of the country and the form of the ground 
which it occupies. I’hese deposits have often 
the form of basin-like cavities, from circum- 
stances that will be immediately apparent. Their 
thickness is exceedingly variable, and has been 
known to reach to fifty feet and upwards. 

In some instances, the formation of peat in 
particular places has ceased ; in others, it is still 
in progress, being maintained by the continuance 
of those actions from which all the deposits of 
this nature have originated. This is the suc- 
cessive growth and decay of vegetable substances 
of various kinds. It is not possible to enter on 
this part of the subject here ; but it is necessary 
to enumerate the different circumstances under 
which this substance is formed, as it tends to 
illustrate the different varieties w hich it presents. 

It is found on declivities which are easily 
drained ; generally in very thin beds, and of a 
loose texture, forming the mountain peat, or 
heath soil, of agriculturists. On the margins of 
lakes, it occurs in a solid form ; tending, by its 
annual increase, ultimately to obliterate their 
cavities, and thus to produce many of those ex- 
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tensive basin-like deposits, now found in moun- 
tainous countries, and which so often include 
beds of marie formed from the shell-fish that 
once inhabited their waters. In a similar man- 
ner it occurs in low undrained or marshy situa- 
tions. Where antient forests have fallen, it is 
also found, sometimes forming very extensive 
tracts, and generally distinguishable by the pecu- 
liar structure of the mass, and by the remains of 
trees imbedded. It also occurs on flat sea shores, 
being generally, in these cases, much intermixed 
with sand, and having been generated by the 
growth and decay of zostera marina and various 
semimaritime and marine plants. Lastly it is 
found, often in very considerable tracts, deposited 
at some distance from the places where it was 
formed, and at firet in a semifluid state ; being 
afterwards consolidated into a very compact mass, 
by the drainage of the water. 

Recent animal remains and works of art, are 
occasionally contained in peat. 


T T 
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SYNOPSIS OF PRAT. 


A. Loose or powdery, and often intermixed witlt 
clay or sand: mountain and heath peat. 

B. »Spon^y, imperfect, and containing a •large 
proportion of the roots and fragments of undecom- 
posed vegetables. 

C. Compact, but still retaining numerous frag- 
ments of vegetables and passing into the former. 
This is the most ordinary variety of that used for fuel. 

D. Highly compacted, with a total loss of the 
vegetable texture. The specific gravity of this is 
greater than that of the last, and it burns, nearly like 
coal, with a considerable flame. It is much more rare 
than the former varieties, but is found in North Uist 
and the adjoining islands. 

^ The varieties B, C, D, are commoDly found 
in the same deposit; B, C, always; the spongy 
kinds being at the top, and the eompact below. 
The progress of vegetable decomposition, or of the 
perfection of the peat, is thus indicated. When 
wet, and in tlieir native places, all the varieties of 
peat are soft, but they become hard by drying. 

E. Compact, generally flaky when dry, and con- 
taining fragments, roots, and trunks of trees. Forest 
peat. 

F. When wet, a mixture of water and fine pow- 
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der of peat : on drying, very compact. Transported 
peat ; forming fluid bogs. 

G. Containing bitumen. Bituminous peat. 

As long as the growth of the vegetables pro- 
ceeds, the peat is perpetually renewed after re- 
moval ; but the process, except in the case of 
transported peat, ceases when the vegetating sur- 
face is removed, unless it is renewed by nature 
or bv artificial means. 


T I 2 
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ADDITIONS AND CORRECTIONS. 

DIALLAGE ROCK. 

W HEN the preceding pages were written, and 
indeed until the greater part had been printed, I 
had no practical knowledge of the geological con- 
nections of diallage rock, and was unable to pro- 
cure any accurate information respecting it. I 
was therefore compelled to leave it as a subject 
for future correction ; but it was enumerated at 
the end of the article on Granite, as I had been 
infoiTOed by an observer that it was an unstrati- 
fied rock, and that it belonged to the primary 
class. The nature of its «omposition seemed to 
claim that as its most probable place. 

Having, since that period, had an opportunity 
of examining it in Shetland, where it forms an 
extensive tract, the following description, drawn 
from its characters in that country, is subjoined. 


'’lit'. 
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It ought, of course, to be introduced into the 
tabular arrangement among the stratified rocks 
of the primary class ; and, as it occurs, indiffer- 
ently, in company with gneiss, micaceous schist, 
chlorite schist, and argillaceous schist, while it is 
at the same time rare, it may conveniently be 
placed in the table immediately before limestone. 

It abounds in the islands of Unst, Balta, and 
Fetlar ; and occurs also, but in very small quan- 
tity, at the northern extremity of the Mainland 
of Shetland. It appears further to exist, in a 
very limited manner, in Ayrshire and in Corn- 
wall ; and I formerly remarked that it was said 
to be abundant in Piedmont and in Corsica. 

In Shetland, the largest mass of this rock, 
which is that of Unst, succeeds, in some places, 
to gneiss ; in others, to micaceous schist, chlorite 
schist, and argillaceous schist; and it is also 
found, both in this island and in Fetlar, in contact 
with serpentine. 

Although the stratification is often very ob- 
scure, it may be determined without much diffi- 
culty; partly by the conformable direction of 
the masses to the prevailing bearing of the ac- 
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compatiying strata, and partly by its alternation 
with these; while, in a few instances, it is per- 
fectly distinct ; the strata, at the same time, being 
prolonged in a parallel direction to the general 
bearing, and dipping in the same manner as those 
of the neighbouring rocks. 

I^he strata of diallage rock are intei’sected in 
all directions by innumerable joints, from which 
their frequent obscurity ai'ises. From this cause, 
the protruding surfaces present an aspect re- 
sembling that which is exhibited in similar cir- 
cumstances by granite ; an appearance w hich’ 
has probably given rise to the opinion that it was 
an unstratified substance. 'J'his feature is very 
remarkable in the abrupt clifi's ; m Inch are broken 
in an irregular angular iiianner, ))y fissures so 
numerous and extensive, as to confound all ap- 
pearance of stratification. 

As this rock alternates, on the large scale, 
with the primary schistose strata before men- 
tioned, so it frequently contains minute beds of 
micaceous schist, chlorite schist, and talcose 
schist ; more rarely, of hornblende and actinolite 
schists. In the same manner it is found to in- 
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■elude small masses of serpentine, as well as to 
alternate with large bodies of the same rock. It 
must also be remarked that, in one or two in- 
stances, it occurs in very thin beds among' the 
rocks now described, and very widely separated 
from any other masses of the same substance. 

1'he internal structure, or rather the texture, 
of diallage rock, is sometimes merely granular 
ciwstalline ; and it therefore breaks, like granite, 
inditferently, in any direction ; although, from 
its toughness, with great difficulty. But it is 
often fissile, or bi'caks with more ease in one 
direction than another. The texture then re- 
sembles that of gneiss; this effect being the 
result of a predominant parallelism in the crystals 
of the diallage. It is very frequently also inter- 
sected by extremely thin veins, or laminae, of 
talc, chlorite, or mica ; these being only disco- 
vered by the yielding of the rock in those parts : 
and hence it is with great difficulty that a true 
fracture is procuied. Lastly, it is often traversed 
by veins, resembling those which occur in gra- 
nite and in hypersthene rock, in which the con- 
stituent minerals are crystallized in lai'ger foi-ms, 
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and in which, either the diallage, or else the fel- 
spar, are at times altogfether absent, the one or 
other mineral alone remaining. 

Diallage rock is either simple, or, essentially, 
compounded of felspar and diallage ; the aspect 
varying exceedingly according to the magnitude 
of the parts. When these are very minute, it is 
often difficult to recognize ; the peculiar chai*ac- 
ters of the diallage nearly disappearing. The 
colours of the diallage vary from very pale greyish 
green to a brighter green, to light and dark grey, 
purplish brown, and black. The aspect of the 
felspar is very various. It is either platy and dis- 
tinct, or else confusedly compacted, or very finely 
granular, or, lastly, uniformly compact. The 
colours are white, or greenish grey, or grey, or 
purplish grey ; but, in Shetland, the paler vari- 
eties predominate. From these several causes, 
the general colour of this rock varies from light 
grey or^greenish grey, to dark grey, and brown. 

This rock passes into talcose and chlorite schists 
by the intervention of mixtures of talc or chlorite 
with the felspar ; there appearing to be transi- 
tions from diallage to both of these minerals. 1 
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seems also to pass in a gmdual manner into ser- 
pentine ; or, at least, the boundaries of the two 
are not always to be defined. For this reason a 
mixture of diallage and serpentine has been in- 
cluded among the varieties in the Synopsis. It 
will probably be found to present many other 
modifications when it shall become better known; 
but, in the mean time, I have introduced into the 
catalogue, among the more legitimate varieties, 
all those mixtures in M'hich diallage occupies a 
conspicuous [)lace ; trusting to future observa- 
tions for the correction of this still imperfect 
account. 


SYNOPSIS OF DIALLAGE ROCK. 

FIRST DIVISION. 

Simple : of diallage alone. 

A. A confused mixture of crystals of diallage. 

The aspect of this simple rock varies mate- 
rially according to the magnitude of the crystals ; 
and it a{>pears rather to form veins or concretions 
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in the mixed rock than to occur in distinct masses 
or strata. 


SECOND DIVISION. 

Compound : of two ingredients. 

A. A mixture of diallage and felspar. 

a. With platy felspar. 

b. With fine granular felspar. 

c. With compact felspar. 

The aspects of these mixtures vary much, 
both according to the proportions of the con- 
stituent minerals and to the magnitmle of the 
parts. These are sometimes so mi mite that the 
peculiar character of the diallage disappears. 

B. Diallage and actiuolite. 

C. Diallage and talc, or chlorite. 

D. Diallage and serpentine. 

The varieties B, C, are rare. D is also, for 
convenience, enumerated under the head of Ser- 
pentine ; since it is often difficult to determine 
whether this variety, occurring at the common 
boundary of diallage rock and serpentine, belongs 
to the former or the latter. In general, in some 
parts of this transition, the diallage abounds so 
as nearly to exclude the serpentine. 
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THIRD DIVISION. 

Compound : of three ingredients. 

A. Diallage, felspar, and mica. 

B. Diallage, felspar, and quartz. 

These are rare. It is not unlikely that there 
is a quaternary compound of these ingi'edients, 
but it has not fallen under my notice. 

Diallage rock contains imbedded portions, or 
rather laminar veins, some of which were already 
mentioned, of talc, chlorite, actinolite, asbestos, 
and steatite but I am not aware that it is ever 
so minutely intermixed with any independent 
minerals as to suffer any changes of its character. 
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The examination of a considerable tract of 
this rock in Shetland, has, like the investigation 
of the diallage rock of the same country, given 
rise to an important correction of its history as it 
was described in the body of the work ; and for 
the same reasons it is introduced into the present 
Appendix. 

There can be no doubt respecting its stratifi- 
cation in the island of Unst. Although less 
regularly disposed in Fetlar, it seems there also 
subject to the same law. It will be necessary 
therefore to remove it from the division of the 
unstratified rocks, and to place it with the pri- 
maiy strata, among which it may conveniently 

follow limestone. 

» 

In general, in the tracts above mentioned, the 
great mass of serpentine seems rather to hold a 
parallel course to the stratified rocks which it 
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accompanies, namely, diallage rock, gneiss, mi- 
caceous schist, argillaceous schist, and chlorite 
schist, than to be itself disposed in strata. Yet, 
in different places, the courses of the individual 
strata can be distinctly traced, parallel to the 
general direction of the whole, and dipping in a 
similar manner ; although the seams or divisions 
between them are not strongly marked. In 
this respect, however, it is no more obscure than 
gneiss and micaceous schist often are ; since, in 
these also, the stratified disposition is, in indi- 
vidual instances, rather inferred from analogy 
than deducible from observation. It still more 
strongly resembles limestone in this respect; the 
primary rocks of this nature being often very 
obscurely or imperfectly stratified ; while, occa- 
sionally, they show no marks of that disposition, 
but rather seem to fonn, like serpentine, large 
imbedded shapeless masses or huge irregular 
nodules. 

It will not be difficult now to see, that, by 
attending to the analogous disposition of these 
limestones, all the masses of serpentine yet des- 
cribed will be found to be disposed in similar 
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modes ; forming large irregular masses, or smaller 
nodules; or else stratified in a manner more 
decided and general, or in the shape of small 
evanescent beds included in other strata. 

In some instances indeed, as in yVherdeen- 
shire, they form nodules in granite ; a position 
in which 1 believe limestone has not been found. 

It ought also to be added, as a correction to 
the article on serpentine, that this rock is occa- 
sionally schistose ; splitting, as it would appear, 
.always in the direction of the stratum. 

In Shetland, serpentine contains chromat of 
iron; often in great abundance, and so inter- 
spersed in grains throughout the rock as mate- 
rially to alter its appearance and characters. 


In consequence of these two alterations, 1 
have thought it necessary to reprint the tabular 
view of rocks given at p. 78 ; which will there- 
fore now stand under the following form : 
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PRIMARY CLASS. 

UNSTRiiTIFIEl). 

Granite. 


STRATIFIED. 


Gneiss. 

Micaceous schist. 
Chlorite schist. 
Talcose schist. 
Horiibleiule schist, 
Aclinolite scliist. 
Quartz rock. 


Red sandstone. 

Ai irillaceous schist. 

o 

Diallage rock. 
Limestone. 
Serpentine. 
Compact felspar. 


SECONDARY CLASS. 

STRATIFIED. 

Lowest (rod) saiidston^^ . Limestone. 

Superior sandstones. Shale. 


UNSTRATIFIED. 

Overlying(and venous) ’ Pitchstone. 

rocks. 


OCCASIONAL ROCKS. 

Jasper. Gypsum. 

Siliceous schist. Conglomerate rocks. 

Chert. Veinstones. 


Volcanic rocks. 
Clay, marie, sand. 
Coal. 


APPENDIX. 

Alluvia, 

Lignite. 

Peat. 


END. 
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